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[Read before the Society, 17th November, 1897.] 



The Final Report of the Royal Commission on Agriculture is 
so long and so full of interesting matter that I have had great 
difficulty in condensing it into such a form as will give the data 
for what I have to say in criticism of it. This must be my excuse 
for omitting the consideration of many matters which, from other 
points of view, are of the greatest importance. 

Part I. of the Report is headed " Distribution and Effects of 
Agricultural Depression. " The depression is universal, but unequal 
in intensity. It is worst in the arable eastern counties, particularly 
in Essex and Suffolk j and in these counties it is the strong clays and 
some very light soils that have suffered most. It is of a " milder 
character '' in the pastoral counties j is '^ not so serious " in the 
arable section of Scotland ; and is least in " districts suitable for 
dairying, market gardening, and poultry rearing, and in the 
neighbourhood of mines, quarries, large manufacturing centres, 
and towns, where there is a considerable demand for farm pro- 
duce." As might be expected, '-in some districts considerable 
areas have ceased to be cultivated," and there has been great con- 
traction of the area of land under the plough. Major Craigie 
puts the loss of arable land at 2,137,000 acres, the diminution in 
wheat acreage alone accounting for nearly 2,000,000 of this. The 
capital value of land, which was estimated by Sir Robert Giffen in 
1875 at thirty years' purchase, is estimated by Sir Alfred Milner ixx 
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1894 at eighte^ii- years' purchase on the gross annual value assessed 
to Schedule A. of the Income Tax. This calculation would bring 
out a deilifae of nearly £1,000,000,000, or 50 per cent, in the 
capitaF .value of land in the United Kingdom.* 

KenlbB "have fallen, irregularly indeed but universally, and that 
nqt in the form of temporary abatements, but of permanent 
.reductions. In the most depressed counties the fall is, on the 
•^ya^Verage, about 50 per cent., while on some very poor soils rent 
'//•.'has disappeared altogether. In the less depressed counties it 
.,/ ranges from 20 to 30 per cent In some dairying districts, and 
districts favoured by local circumstances, it is not more than 15 
per cent. ** In the eastern and south-eastern counties of Scotland, 
the reductions have been almost as great as in the more distressed 
parts of England, but in the south-western counties they have 
amounted to 10 and 15 per cent. In Wales, however, there have 
been few permanent reductions, although remissions and abate- 
ments from 10 to 20 per cent, have been more general." A 
calculation by Sir Robert Giffen, and accepted by the Commission, 
brings out that "the present rental value of agricultural land 
is appreciably less than it was fifty years ago, notwithstanding 
the continuous expenditure of capital on the equipment and im- 
provement of farms and the reclamation of land." 

If we add to this, further remissions, extra help to tenants, 
accumulation and writing off of arrears, the burden of unlet farms 
and of fixed charges, it is '' clear that the net income of the land- 
owner has fallen off to a far greater extent than is shown by a 
comparison of the gross rental now and at a former period ; " and 
that " over a very considerable part of this country true rent has 
entirely vanished, since the owners are not receiving the ordinary 
interest upon the sum which it would cost to erect buildings, 
fences, <fec., as good as those now existing." 

Farming profits have fallen. Although in economic theory the 
farmer secures his " ordinary profits " before rent is paid, yet, 
practically, " it is obvious that the occupier wiU have a difficulty 
in adjusting his expenditure at once in order to meet the diminished 
returns, and, therefore, it is he who has to bear the brunt of adverse 
times, and, for a time at least, the greater share of the loss." 

* This figure includes more than agricultural land {e.g, it covers orna- 
mental grounds and gardens attached to houses, which, *' probably, as a 
reneral rule, have not been falling,") and so under-estimates the fall in the 
f alue of purely agricultural land. 
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Rents are permanently revised, yet the fall in the value of the 
amount returned by the land has been continuous, and the revised 
rent, which might be fair for the moment, speedily becomes an 
extreme rent before further readjustment is made. What has 
to be remembered is that the farmer is an employer, and, 
to same extent, a capitalist. He usually sinks all he has in 
stock, manures, implements, (kc. Where he has been long in a 
farm he also sinks his special skill — his special knowledge of 
the land and its requirements. These are forms of wealth which 
he cannot transfer easily or without loss. Taking the whole 
of the farm accounts received by the Commissioners as if they 
related to one business, it has been calculated that they show 
for the twenty years, 1875-1894, an average profit equal to 26*66 
of the amount of rent and tithes, instead of 43*75 per cent., 
which was the old basis of estimation for purposes of income tax, 
or only " 60 per cent, of the. sum which was in past days con- 
sidered an ordinary and average profit." The small arable 
farmer, perhaps, has, on the whole, suffered most. Mr. C. S. 
Bead says : — " The only way in which he can possibly succeed is 
in doing the work of two agricultural labourers, and living at the 
expense of one. That is the only chance that he has, and I say 
that, as far as regards his family, they are worse educated and 
harder worked than the children of the agricultural labourer." 

The position of the yeoman and small freeholder partakes of 
the hardships of both classes. As a rule, their properties, 
bought when land was high, are charged with mortgages, and 
"the mortgagee makes no remission of the interest due him." 
Thus frequently the interest is a heavier rent than would be paid 
to a landowner. In such cases the whole household is pressed in 
to do the farm work, and there are neither stated wages nor 
stated hours. 

The position of the agricultural labourer is not so bad. In 
many of the eastern countries wages have, indeed, been reduced 
from 2s. to even 3s. per week, but in the remaining counties 
wages have not fallen. In Scotland the witnesses are unanimous 
that wages *' have been well maintained." In Wales they appear 
to have definitely risen. But the depression strikes the labourer 
by curtailing the area of his employment as arable land is laid 
down in pasture, and by the greater irregularity of his work. 
"It is impossible," says the Commission, " not to regard with 
apprehension the continuous decrease in the iiumbers of the 
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agricultural labourers." While in twenty years the total popula- 
tion has increased by some seven millions, the labourers have 
decreased by a quarter of a million. "It is unnecessary to 
enlarge on the significance of these figures from the point of view 
either of the national physique or of the interests of the working 
classes engaged in other than agricultural industries." 

Part II. of the Report is headed "Causes of Depression." 
The depression is not attributable to bad seasons, as was the case 
when the Richmond Commission of 1879 made its report. It is 
not ascribed to landlords' rapacity, nor to farmers' incapacity, 
nor to trade union agitation, and for the absence of these 
disturbing explanations we may be grateful. "Among all classes 
of agriculturists there is a consensus of opinion that the chief 
cause of the existing depression is the progressive and serious 
decline in the prices of farm produce." The figures of this decline 
are as follows: — 

Wheat has fallen at least 50 per cent. Oats and barley have 
fallen nearly 40 per cent. On this the Commission says : — 
" With these facts before us it is difficult to see how the cultiva- 
tion of cereals can be continued at a profit in this country except 
under specially favourable circumstances, as, for example, the 
proximity of good markets for the sale of straw." And Sir John 
Bennet Lawes says : — " In my opinion the end must be that the 
greater part of our arable land must go into grass. It is im- 
possible to go on farming at the prices we have now, so far as I 
can see, even if the land is given up for nothing, unless it is very 
fine land indeed." 

Beef has fallen 24 to 40 per cent. ; mutton (since 1883), 20 to 
30 per cent. Wool has fallen quite 50 per cent. Milk, butter, and 
cheese have fallen approximately 30 per cent. Potatoes have 
fallen 20 to 30 per cent. These figures, it should be remarked, 
are based on " the average prices of several years, in preference 
to the prices of single years," and the Commission has avoided 
" instituting comparisons between the prices now prevailing and 
those of 1871-4, which are sometimes regarded as having been 
exceptionally high." 

The Commission concludes : — " We have no hesitation in 
expressing our entire concurrence in the opinion that the present 
crisis in agriculture is due primarily to the fall in prices." 

The Commission then passes to the subject of Foreign Competi- 
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tion with these words : — " It is the opinion of many of the 
witnesses examined that the fall in prices has been directly 
connected with the increase of foreign competition." The facts of 
this competition are then given in great detail. 

In twenty years the average annual gross imports of wheat, in 
the form of grain or flour, have increased by over 70 per cent., 
this increase being " accompanied by " a fall of 50 per cent, in the 
value. About 75 per cent, of our consumption is now of foreign 
origin. It is to be noted that this import indicates, to a great 
extent, a displacement of our producers, and not a mere addition 
to consumption. "While the total consumption has increased, 
both absolutely and per head, the home supply has decreased, 
and the difference represents new supply from abroad. 

As to the countries of origin : — the United States have been 
supplying upwards of 50 per cent, of the import ; Russia and 
India, 23 and 25 per cent, respectively; while Argentina is now 
(1893-5) sending 11 per cent. It is noticeable that the land 
under wheat in the United States has " on the whole diminished." 
The area in the older-settled central and eastern States is con- 
tracting, while the area in the more newly-settled and western 
States is steadily expanding. On the great western farms machinery 
is "used within the closest limits of economy, and labour can be 
applied to the best advantage." The cost of production in North 
and South Dakota is said to be about 35 cents (Is. 5d.) per bushel. 
In California it is put as low as 22 cents (lid.). Two-iifths of the 
exports come from these three States. Mr. W. J. Harris estimates 
that wheat can be grown in California and exported to England 
at a net cost of 2Ss. or 24s. per quarter to the producer, including 
freight, insurance, cost of bags, and carriage from the farm to the 
shipping port ; while from Manitoba a quarter of wheat can be 
produced and delivered in England at an inclusive net cost to the 
grower of 21s. 6d. The continued and undiminished export may 
be due, says the Commission, to exceptionally good harvests, or to 
the transfer of the growth of wheat from the exhausted to virgin 
soils. The evidence does not enable them to decide. 

There are wide differences of opinion as to whether this 
competition from the United States can continue. One witness 
says that it will increase. Another, that it will continue 
so long as the price is at or about 25 s. per quarter, and will 
enormously increase if it goes to 30s. A third says that it cannot 
go on for more than a year or two. 
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. But Busflia, the second largest contributor to our wheat supply, 
is reported to be likely to increase her exports, eren at a price 
of 208. per quarter in England. As to Argentina, the area 
suitable for wheat is immense, and it is claimed that no other 
country can produce more cheaply. 

As regards barley, 44 per cent, of the consumption is of foreign 
origin. The import has increased, but only since 1893, and that 
irregularly. It comes almost entirely from the Continent; and one 
singular feature is the replacement of the dearer kinds of imported 
malting barley by an inferior grain from Russia, which is credited 
as making up 50 per cent, of the total import. '^ We are disposed 
to think,^ adds the Commission, " that the facts before us point 
to a material change having taken place in the nature of the 
materials used in the brewing industry." Here there is practically 
no displacement of the home acreage and crop, but what increased 
consumption there is is supplied from abroad. 

Of oats, something pleasanter is said. In the first decade 
of the depression the foreign imports seem to have increased 
nearly 25 per cent., but for the last ten years they have slightly 
fallen off The home acreage has not decreased, and the crop 
has rather increased. The percentage of foreign supply in the 
total consumption is now 19*6, as against 21*9 ten years ago. 
Seventy per cent, of the import continues to come from Russia 
and Sweden, Russia sending much the larger proportion. English 
oats have steadily fetched the highest price. 

Of beans and peas the import is irregular, but, on the whole, 
tends to increase. The import of maize is singularly irregular ; 
but buckwheat imports hslve doubled, and rye imports have quad- 
rupled. These three latter do not directly compete with British 
producers as food grains, but, in so far as they are used in substi- 
tution of home-grown produce, they are "manifestly a competitive 
element affecting prices." *'The price of feeding barley, as well 
as of oats, has been affected to some extent by the large con- 
sumption of maize." 

As regards meat, the import of live cattle tended to increase 
up till 1890, but in recent years there have been indications 
of a decline. Its chief feature is the replacement of the 
Continental import by supply from the United States, Canada, and 
Argentina. The same replacement has taken place in the supply 
of sheep, but here the variations in the import from year to year 
<< have been so great that no conclusive indications as to the course 
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of the trade can be drawn from them." But the import of live 
cattle, sheep, and swine is comparatively small, while the dead 
meat imports constitute about 25 per cent, of our total con- 
sumption. Fresh beef imports have increased from 1,732 tons 
in 1876 to 109,528 tons in 1895, 80 to 90 per cent, of this 
coming from the United States. Fresh mutton imports have risen 
from 9,500 tons in 1882 (when these returns were first separately 
shown) to 130,550 tons in 1895, Australasia sending us 60 per 
cent since 1884, and Argentina, of recent vears, 25 to 27 percent. 
But in the case of this total meat import there has been little or 
no displacement of the home farmer. We produce about as much 
beef and mutton as before ; the new supply from abroad apparently 
meets a new demand for cheap meat; ''and while it has imdoubtedly 
seriously affected the price of the inferior grades of British produce, 
its influence on the superior qualities has been much less marked." 
As regards pork, over 90 per cent, of the import takes the 
shape of bacon and hams, the chief source of supply being the 
United States. The proportion of the import to the total con- 
sumption is 48*8 per cent. The importation is irregular. The 
home production has remained practically stationary. 

''It is clear that there has been a remarkable growth in the 
imports of meat during the past twenty years. Represented by its 
weight, the foreign supply of beef, mutton, and pork (live and 
dead), in the aggregate, has about doubled. Relatively to the 
population of the (Jnited Kingdom, it has risen from an annual 
average of approximately 22 lbs. per head in 1876-8 to 40 lbs. per 
head in 1893-5." 

As to the future of this meat importation, we are told that 
there is not much prospect of a greater development of the 
importation of beef under existing conditions; but there are no 
indications of a diminution in the import of mutton, the evidence 
pointing rather to an augmentation of this trade, particularly 
in the form of frozen mutton. It is particularly worthy of 
notice, as one of the witnesses points out, that " the frozen 
meat trade carries with it the trade in butter, cheese, fruit, 
game, fish, and poultry, as well as that of other articles which 
need the help of refrigerators ; " that " it has only been through 
the establishment of the frozen meat trade that the business in 
the other products has been initiated ; and that it will only be 
by the extension of the frozen meat trade that the trade in the 
other products will be established and extended, for they 
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could not of themselves to any great extent afford to provide 
the necessary machinerj, appliances, and accommodation." 

The prominent feature as regards wool is that the gross import 
has nearly doubled in twenty years, and that thtf proportion of 
imported wool in the total supply has been steadHy increasing. 
Although a considerable portion is re-exported, " about 70 lbs. out 
of every 100 lbs. of sheep and lambs' wool available annually for 
use in the United Kingdom is produced abroad." In this case, 
then, there has been some displacement of the home product. 

In dairy produce, the importation of butter, margarine, and cheese 
represents more than 50 per cent, of our total annual consumption. 
The import of butter has nearly doubled in the last ten years, 
60 per cent, being of Scandinavian origin ; while of late years the 
lower-priced Australasian import — favoured by Government 
bounties — has been of very rapid growth. The import of 
margarine has shown few, if any, signs of development. There 
has been a slight increase in the import of cheese, the bulk of 
which comes from the United States and Canada, but no more 
than is sufficient to keep pace with the growth of population. 
It appears that the home production of milk relatively to the 
population has declined; and we must conclude that here also 
there has been some displacement. For this our methods of 
dairying and marketing seem very greatly to blame, and the 
Commission does well in calling attention to the fact that 
here there is no question of superior natural and climatic 
conditions abroad, and that, accordingly, the circumstances which 
have attended the growth of this particular competition are 
different from those before referred to. 

As regards vegetables, fruit, poultry, eggs, and other articles, 
the statistics are not so full as in the case of the imports already 
referred to, but it is evident that the foreign supply of most of 
these products is increasing, and must be regarded as a serious 
element of competition. The supply of foreign eggs, for instance, 
has increased from 763,000,000 in 1876-8 to 1,426,000,000 in 
1893-5. 

The conclusion arrived at is: — "Contrasting the natural and 
economic conditions existing in the several countries mentioned 
above and in Great Britain, we fear that there is no near prospect 
of any permanent abatement in the pressure of foreign competition." 

The Commission then passes to consider if there is not a 
corresponding and compensating change in Cost of Production 
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in this country. It is, perhaps, worth remembering that a 
fall in price does not necessarily hurt the producers of the 
article which falls in price. The profit, like the wage, comes 
indeed out of the price ; but if the cost is reduced simultaneously 
and adequately with the price, there is no necessary injury either 
to farmer or labourer. The difficulty is where it is not possible, 
or possible at once, to adjust the outgoings to the reduced receipts. 
" It cannot be doubted that, with a continuous fall in the value 
of agricultural produce, the farmer finds it impossible at once to 
adjust his expenditure to his decreased returns." In farming, at 
least 30 per cent, of the cost consists of wages for manual labour. 
This item of cost has remained, as we have seen, almost constant. 
If so, it is clear thai the labourer's share of the produce is greater 
than it was, and it is clear that the farmer has not been able to 
adjust this cost to the now reduced returns. 

Nor does it seem that the farmer has got relief in the matter 
of feeding stufis and manures, although "within the last ten 
vears there has been a considerable decrease in the cost of cake 
and artificial manure, while the low price of corn has led to its 
being largely used in place of linseed or cotton cakes." It would 
appear from the evidence that "in several cases the amount 
expended on feeding stufis and manures has largely increased." 
On 59 farms the average expenditure on these items was, in the 
latest year of account, not less than 22s. 3d. per acre, and "more than 
one-fourth of the whole of the farmer's expenditure for the year." 
The argument seems to be that higher farming is being demanded 
of the cultivator if he is to keep his place in the competition at all. 

As regards two chief items of expenditure, then — namely, 
manual labour and feeding stuffs and manures — it is doubtful if 
there has been any adjustment of cost to decreased receipts. 

Part III. deals with " Miscellaneous Subjects bearing on the 
Agricultural Position." These are — The Agricultural Holdings 
Acts, Land Tenure, Rents, Sale of Mortgaged Land, Tithe Rent- 
charge, Dairying, Small Holdings, Railway Rates, Game Laws, 
Commercial Gambling, Sale of Adulterated Products and Sale of 
Imported Goods as Home Products, Sale of Cattle by Live Weight, 
the Board of Agriculture, Agricultural Education. 

Part IV. contains a " Summary of Recommendations," based on 
the above. They are confessedly " not a complete remedy," but 
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"in the nature of palliatives/' such as amendments to the 
Agricultural Holdings Acts, remission of tithes, reduction in 
railway rates, changes in game laws, technical education, and 
public loans for agricultural improvements. The Commission 
think that, if such recommendations are attended to, '* it is 
not unreasonable to believe, even with the present low level 
of prices, that the land of Great Britain, which is reasonably 
favoured in point of either quality or situation, will continue 
to be cultivated, in grass if not as arable, and will yield a 
profit, reduced indeed and more hardly gained, but fairly com- 
parable, all circumstances considered, with that earned in other 
departments of industry." But if the foreign competition is 
maintained and prices still fall, they "must look forward to a 
further reduction of the area of British land susceptible of 
profitable arable cultivation, together with a corresponding 
contraction of our production, and a diminution of our rural 
population." 

Such, then, very briefly condensed, is the Report signed by 
fourteen of the sixteen Commissioners. It closes with the words : — 
"We have agreed nearly unanimously up to this point. But 
upon the remaining subject of discussion — viz., whether any, and, 
if so, what remedy or remedies might be possible for the chief cause 
of depression — there is considerable diflerence of opinion amongst 
us, and we think it desirable to close this part of the report at its 
present stage, leaving the subject to be dealt with in separate 
memoranda." 

Following this comes a Supplementary Report. It is important 
to note that this is not a Minority Report, signed by members 
who do not assent to the principal one, but, as it is stated to be, 
a " Supplementary" Report, signed by ten members of the fourteen 
who sign the other. Two members agree in neither of these 
Reports, and issue separate ones of their own. 

In what I have further to say I propose to confine myself to the 
first and unanimous Report 

There are two respects in which this Report strikes me. The 
first is a minor matter, but it is suggestive : it is the uncer- 
tainty of its tone as to whether agricultural imports are to 
be welcomed or deplored. I do not find that the consumer's 
interest is even mentioned. The Report is sympathetic over 
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the loss or ruin of landowners and tenants, but it says nothing 
about the other side of the question — namely, cheap food. In- 
deed, on page 41 occur these words : — "A satisfactory feature of 
the past year was the rise in the prices of grain/' We have these 
many years been congratulating ourselves that Free Trade has 
given us unlimited supplies of cheap food. And here, in the last 
days of the century, is a representative Comndssion expressing its 
gratitude that food is likely to be dearer ! Without expressing 
any opinion as to how far cheap food compensates for a ruined 
agriculture, I venture to say that this seems a notable advance, 
in parliamentary inquiries, towards the recognition that the 
producer and the consumer are one person, and that putting 
into one pocket while taking out of the other is scarcely the way 
to fill both. 

The second, and the chief respect in which this Keport strikes 
me, is that it shirks what, to my mind, is the principal question. 
The depression is traced " primarily " to the fall in prices. But 
nothing is said as to the ultimate cause or causes of this fall. 
I do not say that the question is an easy one. From the Supple- 
mentary Report and separate memoranda one may infer that the 
fourteen Commissioners would not have agreed as to the ultimate 
cause. But they ndght have been unanimous at least in 
pointing out that there is such a question underlying any 
"primary" explanation of the depression. The omission is all 
the more striking that Sir Robert Giffen has, as we shall see, given 
so strong an opinion on it. As it is, we have only this pronounce- 
ment : — " The grave situation we have described is due to a long 
continued fall in prices. This fall is attributed by the great 
majority of witnesses to foreign competition." But on this the 
Commission itself, in the Report under consideration, gives no 
opinion. Thus the impression is left on the reader that the 
Commissioners homologate this attribution ; and only those who 
go on to the Supplementary Report and the special Memorandum 
of Sir Robert Giffen find that this is not the case. As it is, this 
first Report is apt to be accepted as a Majority Report in the 
usual sense of being opposed to and by a Minority Report, and, as 
every one knows, the Majority Report of a Royal Commission 
has a way of being accepted by the public as the authoritative one. 
This is particularly misleading when, as in the present case, it 
stops short of and does not discuss a question which must have 
been in the minds of all the Commissioners. 
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What I wish to do is, first, to ezplaiu why the fall in priceB is 
attributed "by the great majority o£ witnesses" to foreign com- 
petition; &nd, second, wby the Commission does not homologate 
this. 

It is scarcely to be wondered at that foreign competition should 
bulk most largely in the eyes of those interested in agriculture. 
There is a special feature in our agricultural depression which 
makes it a proper subject for a distinct inquiry. In all depart- 
meats of manufacture we have had a fall in prices during the last 
twenty years ; not, perhaps, quite so great a fall, but still not 
very far from it. But we have not had, simultaneously with that 
fall, any very striking increase in our imports of foreign manu- 
factures. The competition from wbicL our manufacturers have 
suffered is competition in foreign and neutral markets ; and in 
this case we fix our attention on the diminution of our exports. 
But the competition from which our farmers have suffered is a 
competition of foreign producers selling in our own home market; 
and what attracts our attention is the imports into this country 
of produce similar to what we raise at home. 

This being the peculiar characteristic of agricultural competi- 
tion, it is natural to connect these increasing imports of foreign 
produce with the faU in prices as cause and effect. What we 
have, however, to examine is, if the ^«(Aoc is reaUy the propter Aoc 

It is asked, Why do agricultural prices fall 1 The unhesitating 
answer is this — Because, under Ptm Trade, we have oalled in HiB 
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What I wish to do is, first, to explain why the fall in prices is 
attributed " by the great majority of witnesses '' to foreign com- 
petition; and, second, why the Commission does not homologate 
this. 

It is scarcely to be wondered at that foreign competition should 
bulk most largely in the eyes of those interested in agriculture. 
There is a special feature in our agricultural depression which 
makes it a proper subject for a distinct inquiiy. In all depart- 
ments of manufacture we have had a fall in prices during the last 
twenty years; not, perhaps, quite so great a fall, but still not 
very far from it. But we have not had, simultaneously with that 
fall, any very striking increase in our imports of foreign manu- 
factures. The competition from which our manufacturers have 
suffered is competition in foreign and neutral markets ; and in 
this case we fix our attention on the diminution of our exports. 
But the competition from which our farmers have suffered is a 
competition of foreign producers selling in our own home market; 
and what attracts our attention is the imports into this country 
of produce similar to what we raise at home. 

This being the peculiar characteristic of agricultural competi- 
tion, it is natural to connect these increasing imports of foreign 
produce with the fall in prices as cause and effect. What we 
have, however, to examine is, if the post hoc is really the propter hoc. 

It is asked, Why do agricultural prices fall ] The unhesitating 
answer is this — Because, under Free Trade, we have called in the 
whole world to compete with our farmers. Other countries can 
raise produce more cheaply than we can; therefore prices must go 
down. 

Is this true? Is it the case that, when two goods meet in 
competition, the one which has the lower cost drives out the one 
which has the higher % The terms of Ricardo's rent law might 
have* reminded us that the goods which cost less can drive 
out the goods which cost more only where there is not demand 
enough to take off both at a price which will remunerate the 
latter. Where demand is sufficient, the result is a difference in 
the producer's surplus or rent; not a displacement of the more 
costly supply and a fall in price. That the United States can 
produce more cheaply than we can is no reason, on the face of 
it, that they should undersell us. Cost of production affects price 
only through supply. Importers let down their price only if they 
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cannot get the old price; and the only reason why thej should 
not get the old price is that they over-supply the .market at 
the old price. 

What is the meaning of over-supply ? In some very few cases 
it may mean that more is offered for sale than people want. In 
most cases it simply means that the demand does not increase so 
fast as the supply. But is it self-evident that supply must 
generally outrun demand ? It is believed so in business circles. 
Business men seem hypnotised by the conception of over-production. 
I do not wonder at it. In most trades there is what is called 
over-production. But the strangeness of this phenomenon comes 
out when once the fact is grasped that over-production means 
under-consumption. One side of the shield is that I am producing 
more than I can sell. That is my side. The other side is that 
you are not buying more ; and the question is why you do not buy 
more. You answer, " Because I do not want more ? " Is this 
true ? Not in the least. You do want more of almost everything. 
" Ah, yes," you reply ; " of course, I do. But I cannot buy more 
unless you reduce your price." I ask again : " Is this true ? 
Would you not buy more if you had more to buy with ? " 
But, on their own confession, men generally have more to buy 
with. They may not, indeed, have more money, but money is 
only the intermediate "value carrier" of goods, and the usual 
phenomenon, according to the business man, is that makers are 
producing too many goods, and they call it over-production ! 
But if there is over-production all round, and unsold supply in 
every warehouse, is this not the " more to buy with " 1 Is it 
necessary, after all, to demonstrate * that every increased amount 
of supply is, at the same time, an increased amount of demand ? 

That it is so is quite clear to anyone who will give the trouble 
to understand that conception now familiar in economic science 
as the National Dividend. The national annual product — the 
sum of the goods we make and get made for us by foreigners who 
have borrowed our capital — ^is, of course, the sum and limit of the 
income we British have. It is the nation's annual supply of 
goods and services. We all understand this. What we do not 
so readily perceive is that it is the sum and limit of the nation's 
annual demand. It is at once all we can get for our living and 
all we have to buy our living with. 

To understand this we have only to get below the money form 
of the income. You make and £11 your cart with certain produce 
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and bring it to market. I make and fill my cart with certain other 
produce. ^Suppose that we are the only dealers, the total supply in 
the market is the sum of what our carts contain. But mv demand 
is what I bring in my cart, and your demand is what you bring in 
your cart, for we are making for and exchanging with each other. 
These two cartloads are the total demand of the market. But we 
hare just seen that they are the total supply of the market. 
Supply and demand are one and the same sum of things. It is 
usually said that every increase of supply brings out a corre- 
sponding increase of demand. The accurate statement is that 
every increase of supply is an increase of demand. 

This essential identity of supply and demand we are forced to 
admit, whenever we get behind money and money price to the 
great exchange of goods against goods which money makes possible 
and reflects. Each supply goes seeking other supplies as a demand 
for them; the same goods masquerade now as supply, now as 
demand. But if each new supply is a new demand, we are still 
without an answer to our question, why it should be so readily 
assumed that supply generally outruns demand. 

Thus far, however, we have looked at demand as goods; 
picturing to ourselves the market as a kind of clearing-house where 
demands are set against each other and demanded of each other. 
"We have now to remember that, while demand is indeed goods, 
it is goods in the hands of a demander — a human being with 
wants of various intensities and various degrees of realised satis- 
faction ; a demander, moreover, who seeks goods not only for his 
personal consumption, but for making other goods to satisfy other 
consumption. Thus these various "demands," which, together, 
constitute the total supply of the market, may not be able to come 
to terms with each other ; and, in any case, the ratio of exchange 
at which they do come ^o terms is constantly changing. For the 
value of each demand is assessed, not by the individual demander, 
however accurately he may make his calculations, but by the 
market. Thus it comes that although, in normal circumstances, 
each increase of supply is an increase of demand, the value placed 
by the market on the new goods may be very different from the 
amov/nt of the goods ; and we have the phenomenon of, perhaps, a 
great increase of supply translated into a very small amount of 
demand : in other words, we have a fall in the exchange value of 
the goods in question. This is what we mean by supply outrunning 
demand. We do not) as a rule, mean that the supply is not taken 
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off the market, but that the ratio of its exchange has to be altered 
to its disadvantage before it is taken off. This brings us to the 
fundamental fact contained in the very conception of exchange 
value ; that, where any goods are exchanged against each other, 
if the value of the one group rises, this means nothing else than 
that the value of the other falls. 

Now let us apply all this to our present problem. As it hap- 
pens, it is more easily applied in this case than in internal exchange. 

International trade, as we all know, is, fundamentally, barter, 
and here, if any where, we should expect to find the identity of 
supply and demand manifesting itself. "Where there are no 
complicating circumstances, such as payment for carriage, 
international debts, and the like, the imports of a country are a 
demand for its exports, and the two pay for each other. Let us 
suppose, then, that Great Britain and the United States traded 
with each other solely and directly, we sending cloth and 
America sending wheat. In this case no matter how much wheat 
America sent us, the exchange value would not alter so long as she 
took from us a proportionate increase of cloth, and this applies 
both to the units and the totals. A yard of cloth and a bushel of 
wheat would have a fixed value as priced in each other. This is 
not a deduction : it is simply an explication of the conception of 
exchange value. 

Well, the question suggested is; — ^Why is not the increase in 
the supply of foreign produce — in our agricultural imports — an 
extra demand for all the goods that we export 1 If it be answered 
that it has been so — that we are paying for more grain with more 
manufactures j then I ask — What has this to do with, or how does 
it explain, the fall in the money price of produce 1 England and 
America are demanding more from each other, and are each 
supplying more to the other. If the bushel of wheat still 
exchanges for the same number of yards of cloth, does this give 
us any explanation of the fall in the price of the wheat ? 

To put it concretely — say that America was sending us x wheat 
when the price of x was 40s., and we were paying for it by y cloth 
when the price of y was 40s. Suppose that she is now sending us 
2a5 wheat aud we are paying for it by 2y cloth, how does this 
explain the fact that x wheat is now 20s 1 How can foreign 
competition explain a fall in price, if there is no fall in exchange 
value on either side, but only an increase of amount exchanged 
on both sides ? 
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At this point I must recall your attention to what our problem 
really is. Many people think that our home produce is being re- 
placed by foreign produce; that we now itnport what we formerly 
grew or mada This is the case with wheat to a considerable 
extent, and with wool and milk to a smaller extent. And, 
further, as population and wealth are always increasing, there 
actually is replacement to the extent that our home produce has 
not increased proportionally. This replacement presents us with 
a problem of its own, and calls for an answer of its own. 

But, from the statistics given, you will have noticed that, for the 
most part, our farmers have been producing just as much as ever. 
Thus, with the exceptions noted above, the problem is that of a 
new supply from abroad ; and my question is — Why is not this 
new supply of imports a new demand for exports ? Or, if it is the 
case that this increase in imports has really been balanced by a 
corresponding increase in exports, why should money prices fall 1 

If we press home this question we come, I think, to the 
common belief that the fall in the money price of farm produce 
reflects truthfully a change in the ratio of exchange between 
agricultural produce and manufactured goods generally. It is 
assumed that our consumption of agricultural produce is sternly 
limited by the fact that each individual among us has only one 
stomach and one digestive system.* The fact is true : the inference 
is questionable. Not only are immense numbers not yet 
sufficiently fed, and not only are agricultural products used for 
many things outside of food — e.g., as raw materials for manufac- 
tures — but the natural progression of human wants is from 
quantity to quality, and we steadily make more demands on 
agriculture and its produce to give us varied and finer food. 

But suppose we grant the inference to the fullest extent. 
Suppose we say that there is not the same elasticity in the demand 
for food stuffs that there is for goods in general ; that, accordingly, 
if food stuffs have been pressed on our market their exchange 
value, as against goods in general, must have altered considerably 
for the worse. What this means and involves — according to the 



* Sir Robert Giffen, e.g., suggests that ** the decline in the price of wheat 
may be partly attributed to the great increase in the supply and consump- 
tion of meat during the last twenty years, which has either diminished 
the demand for wheat per head among the people consuming wheat, or has 
checked the increase of that demand which might have been expected to 
follow a great decline in price," 
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very conception of exchange value— is a rise in the value of those 
goods with which we buy food. We shall be giving only the same 
amount of manufactures for more food stuffs. If this were faithfully 
represented and expressed in money figures, it would mean that 
prices of food fell while, and as, prices of manufactures remained 
steady. 

On such an assumption foreign imports might be the sufficient 
cause of falling prices of agricultural produce, but only on one 
condition — namely, that prices of our manufactured exports did 
not fall. 

But the fact from which we cannot escape is that prices of 
manufactures have fallen also. The phenomenon to-day is not a 
fall in the value of agricultural produce balanced by a rise in the 
value of everything else. It is a universal fall in price — that is 
to say, in money price. 

The conclusion to which I feel bound to come is that, in treating 
of the fall of agricultural prices alone, the Commission will have 
strengthened the popular conviction that foreign competition is 
responsible for the whole fall. If it had gone on to connect its 
evidence with, say, the proofs led before the Labour Commission, 
and witnessed to in the index numbers, that all prices have fallen; 
then foreign competition, in the shape of increased imports of 
produce meeting a comparatively limited consumption, would have 
fallen into its true place as an aggravating circumstance peculiar to 
agricultural prices. Suppose — to put it roughly and for illustration's 
sake — it had been demonstrated that agricultural prices have fallen 
50 per cent., while general prices have fallen 38 per cent., then the 
evidence would have been taken to explain why the former prices 
have fallen 12 per cent, more than the latter. But, as it is, the 
Commission has left the public to draw the inference that the 
whole fall is due to foreign imports. In times when the agricultural 
interests are only too ready to imagine that foreign imports can 
be prevented, as other countries have prevented them, this seems 
to me a little dangerous. 

Fortunately one member of the Commission has done his best 
to correct this inference. In his evidence, and in a separate 
memorandum, Sir Robert Giffen goes to the root of the matter. 
He claims that he anticipated this fall as far back as 1872. At 
that time the United States and Germany were making demands 
for the standard money of this country to the amount of something 
Vol. XXIX. p 
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like £200,000,000, and he then said that the redistribution of the 
sum of gold over a larger area could not be made without a sharp 
contraction in the scale of prices. This demand, of course, did not 
cease in 1872, but has been followed by other demands. 

" To what," he was asked by the Commission, " do you attribute 
the fall in agricultural prices 1 " — " Chiefly to the same causes 
that have produced the fall in general prices." "What might 
they be?'* — "The contraction of money relatively to what went 
before." "Had it nothing to do with foreign competition?" — 
" I do not think foreign competition is on the same plane with 
changes in prices. I believe that foreign competition would 
affect us whatever the scale of prices might be." 

Indeed, he has never said anything else. His doctrine is that we 
are doomed to falling prices in the nature of things. As the 
belief and practice of mankind are to-day we must have the basis 
of money in precious metal. Now, however abundant the supply 
of precious metal, it is after all only one thing, and what it has to 
do is nothing less than to mirror all the exchanges and name all 
the exchanges for all things. But as the population of the world 
is increasing fast ; as its wealth and the exchanges of that wealth 
are increasing faster; and as savage and undeveloped peoples 
are rising into exchanging communities faster still, it is incon- 
ceivable that the increase of our precious metal money can be 
as great as the increase in the work that is being put upon it. It 
is for this reason that Sir Robert claims — and rightly claims — 
that he anticipated the fall a quarter of a century ago. 

It will be seen, then, that what I have said above is in agree- 
ment with the contention of our great statistician, that the great 
fall in agricultural prices is not an isolated phenomenon, due to 
circumstances peculiar to agriculture, but a part of the general fall. 
In every department of industry there will also be changes in 
price from the side of supply and from the side of demand : in 
agriculture particularly there will be quite special changes, owing 
to the enormous increase in supply as against, possibly, the 
physical limitation to the consumption of food products. But, 
underlying all changes, there is one cause which affects the 
general level of price : that is, a change in the relation between 
the money supply and the commodities exchanged. There is no 
objection, indeed, to saying that foreign competition is the cause 
of the present agricultural depression. But why is it so ? Because 
tMs competition is one fprin of the e^ormous multiplication 
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of commodities. But general falling prices are not explained by 
multiplication of commodities unless the amount of money available 
is unable to keep pace with the work it has to do in naming and 
exchanging these commodities. 

This, then, is the somewhat unsatisfactory position assumed by 
the Agricultural Commission. Fourteen members sign the first 
Report, and leave the critical question unstated. Then ten of these 
sign a Supplementary Report which not only states the question 
and answer, but declares strongly for a particular remedy. Sir 
Robert Giffen stands aside, and, while agreeing with the bimetal- 
lists that this is a currency matter, says that there is no remedy. 
For my part I think that, to give up the idea of a stable 
standard — to say that we are for ever doomed to falling prices, 
illumined by temporary breaks of rising prices — is to fold our 
hands resignedly under a blight. I am no advocate of rising 
prices — although every business man is in his own individual 
trade — but I am not able to see how any man who employs fixed 
capital and is under fixed or not easily adjustable charges is 
able to prosper under a regime of falling prices. Falling prices 
are the despair of the employer ; and let me remind you that it is 
with the employing classes, the manufacturers and the farmers, that 
the organisation of labour lies. To discourage the employers — to 
make theirs always the losing hazard — ^is to make more swiftly for 
monopoly than one realises, for it is making it impossible for 
the ordinary employer to make a profit except by entering a 
combination for the purpose of keeping up prices artificially. 

What are the industries most hit by falling prices'? Of 
course, those that work with the greatest amount of fixed 
charges : — charges for capital sunk and unremovable ; charges 
for money borrowed ; charges for taxes ; charges for contracts to 
pay, which extend over years. It is because the industry most 
under the burden of fixed charges is Agriculture that we have 
depression so marked and so emphasised that we have had a 
special Commission to investigate it. 

Among these fixed charges in all businesses is one of which 
we think too little : it is the fixed charge called Wages. Let me 
conclude by pointing out what is going to be the consequence of 
falling prices in this regard. 

It is a statistical fact that a fixed sum of money, buying at 
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wholesale prices, can, to-day, obtain some 62 per cent, more of 
commodities generally than it could twenty years ago. This does 
not necessarily mean that any one is better oflf by 62 per cent. ; 
for it may happen that he spends some or much of this income on 
the things that have not fallen, such as house rent in poor and 
congested districts,* and it may be the case that employment is 
more irregular. Besides this, for reasons which I cannot very well 
make out, retail prices do not seem to have come down in the 
same proportion.t But, even if the proportion is much less, the 
buying power of a fixed income is very much greater than it was. 
If, then, it is the case that the one class of money income, of 
which it can be said with certainty that it has, at least, not fallen, 
is the wages of the working classes, it is clear that the real wages 
of this class have risen by a considerable percentage. But the 
working classes do not know this ; and, when it is told themj 
they do not believe it. One thing they do know : that the 
wealth of this country is increasing hand over hand, far out- 
stripping the growth of population. The conclusion they base on 
this is that they should have steady rises of money wage. It is 
a tradition that has come to them from the years before 1873, 
when prices were rising ; and they have no idea that there is any 
reason why money wages should not rise now as they did then. 
At a representative meeting of working men, lately called to con- 
sider the effect of women's cheap labour on men's wages, one of 
the delegates remarked that he was not aware that there had been 



* I am reminded that rates and taxes have not fallen. But these are, 
normally, a payment for municipal and government services. That these 
have immensely improved, and that we are thus paying the same price 
for better services, I make no question. 

t This is a matter on which strong assertions are made on both sides. 
It is confessedly difficult to get statistics of retail prices which will apply to 
the same place, the same class of purchasers, and the same quality of goods. 
But it is inconceivable to me that retailers generally should be earning a 
larger profit now than they were twenty years ago, or that the expenses of 
distribution should have greatly increased in years marked by the rise and 
growth of great stores, co-operative and otherwise. In the usual com- 
parison two things are forgotten : the general — though not universal — 
improvement in quality, and the fact that innumerable things are now 
within most people's reach, which formerly were not to be had at all. 
Compare, «.gf., the old bicycle with the modem "safety." And I cannot 
help thinking that many compare retail prices now with the wholesale prices 
of twenty years ago, instead of with the retail prices of twenty years ago. 
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anj change in the wages of his trade, adding naively, as an after- 
thought, " except, of course, a rise now and then." If they do not 
get this rise they will strike and go on striking, because they do 
not know — and I must say they are seldom told — that their wages 
have risen, and that this rise is reflected in their standard of life. 

Now, while most people will rejoice that their standard is rising, 
it is quite possible that this rise should be too rapid. I do not 
mean too rapid for their good or for our wishes, but that it may 
be at the expense of other factors whose loss or discouragement; 
may have far-reaching effects on the national industry. I am not 
..able to see that the steady discouragement of the private employer, 
and the consequent tendency towards combination and monopolies, 
are likely, in the long run, to be in the interest of the wage earners. 
In any case, it is a misfortune that this real rise in wage should be 
unnoticed by them. Their ignorance of it inclines them to listen 
to those who are always too ready to tell them that they are not 
getting their share of the increasing wealth. 

What r have to remind vou of is, that this Standard of Life is a 
thing that can scarcely be set back. It is bound up in the affections 
of the trade unions with the minimum wage. I do not think 
that any one need hope now to carry a general reduction in money 
wages, for the money wage that rules has come to be thought of 
as the '* living wage," and every attempt to reduce it will be met 
with the cry and the conviction that it is an attempt to crush down 
the worker below subsistence level. But there is a way in which 
this can be evaded, and is being evaded ; it is by replacing men 
by women in many occupations which are yet in the hands of men.* 
In innumerable cases women can do as good work as men, and their 
money wages may rise a long way before they come up to the 
minimum wage of men. I express no opinion upon this here, but 
I cannot help thinking that this fall in price has given the women 
workers a chance which they never had before. But it is quite 
clear that the entrance of women into the men's trades is the 
beginning of a new struggle and a long struggle — with capital 
this time as the ally of the women. 

* The possibility of such a competition has scarcely entered the minds of 
our working classes generally. But I am informed by one of my colleagues 
that certain costly and delicate tools for scientific instrument making, 
which are literally not to be got in this country, are being made in France 
in the engineering shops very largely by women's labour. 
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II. — Life and Thought of Angh-Saocon England as preserved in 
Contemporary Poetry, By John Culrk, M.A., English 
Master, Glasgow High School. 



[Read before the Society, 1st December, 1897.] 



A FULL account of the manners, customs, and cast of thought of 
the Anglo-Saxons would presuppose an examination of all their 
literature and of all the historical and other documentary 
evidence regarding them in their continental as well as in their 
English home. It would involve, moreover, the consideration of 
all their Kunic Remains and Burial Mounds, and even the dis- 
cussion of the question, how far existing phenomena are attri- 
butable to, or a modification of, older conditions and mental 
attitudes. 

Thus the complete solution of the problem is far beyond the 
limits of our present purpose, which is rather to glance at a few 
of their characteristics — basing our remarks on their poetic 
literature, and introducing the evidence of other matter as sub- 
sidiary, explanatory, or illustrative. 

Now the period embraced by their poetry is far more than co- 
extensive with these six hundred crowded years, beginning, as is 
commonly maintained, with Ebbsfleet and Aylesford, and cer- 
tainly ending with that fatal day at Hastings, when the flower of 
Saxon chivalry fell before the fierce onset of the tanner's fiery 
grandson, and we must keep this in mind if our view is to be either 
clear or comprehensive. For the beginnings of their life we must 
turn our eyes to that older England beyond the North Sea, and for 
the written confirmation of poetic allusion and stated fact we 
must study the somewhat meagre testimony of writers outside 
the pale of English literature altogether. In this connection, it 
is most unfortunate that we should have lost the exhaustive 
treatise of the elder Pliny, who, on all matters referring to the 
Germanic tribes, was especially qualified both as to the stating 
of facts and the expressing of opinion. The two best-known 
writers left to us are Csesar and Tacitus, and in estimating even 
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their testimony we must bear in mind that their remarks often 
apply to characteristics not found among the Teutonic people as 
a whole. "We must remember, too, that Tacitus has .been accused 
of pointing a moral for his degenerate countrymen by making a 
Germanic virtue of every Germanic necessity. All the same, 
when we read their pages, and compare the general tenor of their 
assertions with the remains of minstrel art that have been 
rescued from the silent stream of time, we are astonished to find 
how many of the characteristics of that early age are retained 
and exhibited in poetry the oldest portions of which took written 
shape more than six centuries thereafter, and how little many 
facts of Anglo-Saxon life have differed in their essentials through- 
out these long years. We see, moreover, how many existing in- 
stitutions were already present in the germ, and how, despite the 
fact that throughout the ages we have culled all that was best 
both from those we conquered and from those who conquered us, 
yet, whatever else we are, we remain even to this day, in customs 
as in language, essentially Teutonic, in spite of the assertion of 
Matthew Arnold that England is " a vast obscure Cymric basis, 
with a vast visible German superstructure,"^ and it is this un- 
broken continuity of our national life that enables us to recon- 
struct the facts of these early days, and in some measure to show 
what was due to purely native genius and what was dependent 
upon new factors — when, for example, the Saxons came into 
close contact with Christianitv and Roman culture, when their 
simple cast of thought was affected by the wisdom of the schools, 
and their primitive art by the odour of the lamp. Still, owing to 
the long lapse of years, and to the fact that so much of our in- 
formation is at second hand, we must beware lest we create a 
mere thing of shreds and patches that in manners and mode of 
life cannot claim to be a Teuton, or, for that matter, a man at all, 
but a mere clothes-horse on which to air a few attenuated and 
antiquated garments. To avoid this we must introduce nothing 
that has not some well-grounded authority in their own literature, 
or in the sifted statements of other writers, or in the work of 
archaeologist and antiquarian, through whose efforts the spade has 
often revealed the greatness that the sword upbuilt. All these 
safeguards are necessary, for even the native written record is not 
contemporaneous with the event, and we are often at a loss to 

1 "Celtic Lit.," p. 64. 



24 Philosophical Society of Glasgow, 

know how much is coloured by the culture of the scribe or 
exaggerated through tradition — that great magnifying glass of 
antiquity. 

From these preliminary remarks and cautions we proceed to 
our inquiry, and in the consideration of their mode of life we are 
first of all impressed by the fact that the Saxons brought with 
them from their continental home that dislike of cities and that 
desire for isolation which seems to have characterised the Ger- 
manic tribes.^ Indeed, though Wright throws doubt upon the 
point, ^ it seems proved that they gave over to decay the towns 
they had taken from their Celtic enemies, and the evidence given 
by the nomenclature of the towns themselves would relegate their 
origin to the later times of peaceful settlement. Thus we find 
each individual community shut off* from every other by that 
dread belt of forest waste, the " mearc " or markland. This was 
at first under the protection of the gods, who, as the epithet 
metod {i.e,, measurer) shows, were intimately associated with 
boundaries. And such was the sanctity of each chiefship that 
long after Christianity had removed the "mearc" from the juris- 
diction of the gods, it was still held sacred by English law, and a 
stranger as soon as he entered it had to blow his horn, or other- 
wise herald his approach, if he did not wish to be taken for a 
thief or an enemy, and summarily punished. 

Let us now examine one of these isolated communities. Let 
us see the picture of the so-called Kingly Hall and its customs, 
which their Heroic or Saga poetry has preserved for us. Such 
settlements were situated by the coast, usually near a bold pre- 
cipitous headland, which stretched far out to sea, and formed a 
fiord with safe anchorage, but not easily accessible. On the 
summit of the cliff was stationed a stalwart coastguard, whose 
duty it was to give timely notice of an approaching ship. From 
the strand, a path, sometimes stone-pa ven, ^ led up to the Hall, 
which stood in a fertile plain but close to the edge of forest and 
moorland. Its twin gables, like ears and snout, gave it a quaint 
appearance in the sunlight, so much so that in the old Icelandic 
poetry it earned the epithet of " Bruin with the floors."* Though 
built of wood, it was strong enough to withstand any power 

1 Tacitus, " Ger.," 16. 

« " Celt, Roman, and Saxon," p. 510. 

8 ** Beowulf," 320 — for whole description c/. ** Beo," passim, 

* ** Corpus Poeticum Boreale," EL, 455. 
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except that of fire, and this danger was obviated by their isolation. 
In connection with these wooden edifices, it is interesting philo- 
logically to note that the English word " timber " (cf. A.S. 
timhran, timhrian, Goth, timrjan^ to build) is actually the Latin 
domus, and so philology throws a side-light on history, for stone 
buildings were regarded by the earlier Saxons as something 
altogether mysterious. This is shown by such references as 
" wondrous wall-stone,'* " wondrous work of giants," &c. 

The Hall had two doors. On the outside, by the main entrance, 
was a bench, whereon strangers seeking an audience sat, and 
where, on their admission to the royal presence, they left all their 
arms, except helmet and war-harness.^ This was the universal 
custom of chivalry even to a much later day, for we read in the 
"Boke of Curtesye" {circa 1430) : — 

" When thou comis to a lordis gate, 
The porter thou shalle fynd ther ate : 
Take hym thou shalt thy wepyn tho, 
And aske hym leue in to go." 

(Quoted Earle's "Beowulf," p. 120.) 

And that the same habit was found in Northern Europe is 
proved by the provincial Swedish name for a church porch, viz., 
vdkenhus (i.e., vojpenhiLS, weapon-house), which is derived 
from this very custom.^ 

The principal door was at the west, and directly facing it 
were the fire-hearths, to right and left of which were the tables 
and benches, and along the walls behind these were webs or 
tapestries, ^ which seem to have been used for decoration compara- 
tively early in Teutonic history. At right angles to these tables 
ran the dais, whereon was usually the High Seat, on which sat 
the king and his queen. Here, too, seems to have been a cross 
table, at which the ladies of the household probably sat, though 
their duty lay rather in attending to the guests. A small private 

I 

door generally opened on to the dais. The tables on the left 
hand of the main door were the least important. The exact 
position of the High Seat is difficult to determine. Indeed, it 
seems to have varied with the structure of the halls, some of 
which wanted the dais altogether. As regards Heorot, the best 

1 "Beo.,"325, 397. 

a Earle's "Beo.," p. 120 (authority Stephens). 

* "Beo.," 995. (For details cf. *'Beo." passim; and Vigfusson, 
*'Icel. Header," p. 357.) 
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specimen preserved to us, Heyne would place the High Seat 
close to the great central pillar, which, like the olive tree of 
Odysseus, ^ rose in the centre of the hall. At the king's feet sat 
his orator or raconteur, a man of some importance, but liable to be 
supplanted^ by one who brought to the hall a greater gift of 
minstrelsy. That this custom was well known, even at a later 
day, is strikingly shown by what we find outside Anglo-Saxon 
literature altogether. For example, in the " Romance of Sir 
Tristrem," we read: — 

^^ An harpour made alay, 
That tristrem, aresound he. 
The harpour gede oway: — 

* Who better can, lat se.' 
' Bot y the mendi may, 

. Wrong than wite y the.' " 

Then, after Tristrem plays, we read : — 

" The harpour gan to say: — 

* The maistri give y the 
Ful sket.' 

Bi for the kinges kne 
Tristrem is cald to set." 

(Ed. M*Nem, S.T.S., p. 16, 11. 551-561.) 

Here we see not only the custom, but the actual process of sup- 
planting, in which the minstrel himself acquiesces. 

Then as to the disposition of the guests, we find that the 
young men sat together and apart from the elders, ^ probably on 
the least distinguished bench. The etiquette of the Hall was 
that the queen took the " twisted " cup — actual counterparts of 
which have been found in Saxon graves * — and first of all pre- 
sented it to her lord.^ Then she passed it to the guests in order 
of precedence. But if a distinguished stranger was present, he 
seems either to have occupied a set place, probably, as Heyne 
suggests, on a bench of distinction opposite the throne, or to have 
stepped forward to the throne, after the others had drunk, and 
there to have received the cup at the hands of the queen. ^ At 
such banquets, too, gifts, often as a reward for deeds of prowess, 
were presented not only by the king, ^ but also by the queen, ® 



1 "Odys.,"xxiii., 190. 
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who gave her own special gifts to those whom she delighted to 
honour. This was part of their time-honoured ceremonial, and 
helps to illustrate the high place held by women among the 
Teutons, which is so wondered at by Tacitus. ^ It crops up again 
and again in the " Beowulf." We see it, too, in the " Niebelungen 
Lied," where we behold the queen of Siegfried performing a 
similar duty : — 

" The gorgeous feast it lasted till the seventh day was o'er ; 
Siegelind the wealthy did as they did of yore, 
She won for valiant Siegfried the hearts of young and old, 
When for his sake among them she showered the ruddy gold."' 

But we have dark pictures also of drunken revelry, and none 
more notable than the feast of Holof ernes. ^ Nor is bloodshed 
always absent, for we have many a loud-voiced discussion over 
the mead-cup, with clash of sword for argument* — aji argumentum 
ad hominem neither unknown nor ineflfectual in these early days. 
But the poet loves rather to dwell on song and glee, when the 
harp was passed from hsCnd to hand, and the guests listened to 
tales of long ago. Each one added his quota to the social merri- 
ment : even the king did not disdain to tell some wondrous tale, 
and the age-bound warrior fought again the battles of his youth, ^ 
and thus the evening deepened into the night. When the feast 
was over, the preparations for sleep were of the simplest : the 
benches were merely removed, and in their place were strewn 
beds and bolsters, on which the warrior slept, with shield and 
buckler by his head and helm and shaft by his side, for it was 
their custom ever to be ready for war, both at home and in the 
field, on whatever occasion their lord had need of them. ® The 
ladies meanwhile retired to their own apartments, for we find 
here the distinction between "bower" and "hall," which to this 
day is retained in romantic verse. 

Let us next look into the simpler life of our forefathers on 
farm and garth, as we see it set down in their homelier pieces, 
such as the "Riddles" and the "Crafts of Men." When we 
advance to these later settled times we are struck by the change 
the face of the country has undergone. The settlements are no 
longer perched on a fringe of rock-bound coast, but stretch far up 

1 c/. " Ger.," 7, 8, 45. * " Fates of Men," 48. 

«"Zweites Abentener," § 42, " "Beo.," 2105 c« scg. 

trans. Lettsom. « "Beo.," 1239-1250. 
» "Jud.,"15«eficg. 
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into forest and moorland. Where the dragon once lurked the 
peaceful herd now roams. The axe cleaves the wood of the 
forest rather than the helmet of the foe, though now and then a 
sudden inroad calls to life again that time-honoured function. 
Let us trj to reconstruct one of these hamlet settlements. The 
** mearc " has still to be traversed, the horn has still to be blown, 
but, when we step out into the sunny meadow, its characteristics 
are those of peace. True, the gallows-tree is still found close to 
the markland, but is the outward symbol of law and order, 
though sometimes, doubtless, it meted out " Jeddart Justice " to 
the alleged offender. In front is the homestead, with the huts of 
serf and dependant clustered round. Behind, the ox is grazing ;^ 
in front he pulls the plough, which, guided by the " hoary foe of 
the holt," is upturning the turf and covering its green sides. ^ 
On the track of the ploughman comes the sower. ^ In the 
field the labourer wields the rake.^ Beside the farm-build- 
ings is the draw-well, with the dusky Welsh slave and her 
water-buckets standing near.* Close by, man, or more 
likely, maiden, is grinding at the mill.* By the house-door 
stands the dog, so gentle that a woman may bind him.* 
Indoors, the shuttle moves to and fro in the loom.^ We 
see the brewer at his mash-tub,® the drunkard reeling homeward, 
and at times falling to earth, deprived of speech and power, when 
he feels the effect of the mead. • We see the monk at his devo- 
tions,^^ or burrowing among his books. ^^ We behold the "book- 
binder " at his work, the scribe and illuminator at his task. ^ ^ By 
the edge of the clearing we catch sight of the falcon on the wrist 
of the sBtheling;^® in the holt we see the stag shaking the rime 
from his flanks as he hears his pursuers ; on the roof we behold 
his horns fixed as trophies of the chase. ^ * And their poetry gives 
us glimpses also of the homelier aspects of nature — of the salmon 
leaping in the pool,^^ the cattle roaming the earth, of autumn 
with its laden fields and golden fruits, of spring with hoar-frosty 
lawn.^^ The birds are singing in the trees, and there, too, croaks 
the raven after stripping the gallows of its load.^^ But why 
multiply instances? These and a hundred others depict them 



1 "Rid.," 13. « "Rid.," 5. » "Rid.," 28. ^» "Rid.," 27. 

« "Rid.," 22. « "Rid.," 51. ^^ "Rid.," 49. i» "Rid.," 80. 

» " Rid.," 35. 'f " Rid.," 57. " " Rid.," 50. ^* " Rids.," 88, 93. 

* "Rid.," 53. « "Rid.," 29. ^"^ "Gnom. Ver.," 6 ei seq. 



Mr. Clare on Life and Tfumght of Anglo-Saxon England, 29 

not only as an industrious but also as an observant people, and 
present us with a picture of homely English life, which is not 
altogether dissimUar to that on an upland farm to-day. 

Our next line of inquiry obviously is into the bond which 
bound together the various units of the individual communities. 
Isolation, as a rule, means close internal union, and nowhere is 
this *'clannishness" better exemplified than here, for it was the 
duty of a clansman to avenge his fellow^s death on the whole clan 
of his murderer, and the old poetry reaches its highest level of 
dramatic intensity when, in this connection, it depicts the con- 
flict of opposite emotions — when, for example, paternal duty 
clashes with the duty of the avenger.^ Their law was a lex 
talionis, "an eye for an eye," or a just equivalent, and this 
equivalent, or wergyld, as it was called, was regulated by fixed 
scale, even in cases of homicide, and prevented their feuds from 
degenerating in a mere vendetta. We have constant reference 
to this in their poetry, and illustration of it in the old English 
proverb — " Buy off the spear or bear it." 

This close blood-bond is best illustrated in their " attitude 
towards the chief, or, in later times, the king. It was for the 
chief the soldier fought. It was infamy of the deepest dye to 
desert or survive him.^ Many a proud vaunt in the hall gives 
evidence of its fulfilment in the words — 

" Thane-like he lay near his liege lord;'* 

and. lines like this might well be called "historic snapshots," so 
clearly do they exhibit the spirit of the times. The fiercest* con- 
tumely is poured on the craven.^ The bond of the ^^ comitatus,^^ 
which Tacitus, with his Roman prejudices, could not understand* 
— ^that close compact whereby the king was the "shoulder- 
comrade " of his thanes — was a union which made them undivided 
in death as in life. Not only did the vassals esteem it an honour 
to die for their chief, but they sometimes attributed to him their 
own deeds of prowess.^ The coward who failed in the hour of 
need was deprived of his landright,^ and ipso facto of his freedom, 
for the very privilege of being a freeman involved, as an indis- 
pensable qualification, the possession of land. For this no 
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amount of personal property was held to be an equivalent. He 
might, and very" often did, attach himself to a lord or patron 
without forfeiting his political rights, but if he failed in his duty 
as a warrior, he had no longer any voice in the assembly of the 
people. He could not even claim the right the most obscure 
freeman had of taking part in a debate by his applause or his 
more significant silence. He must wander forth on the path of 
exile, and herd with the wolf and the outcast. His death in life 
was little better than the fate of the treacherous coward and in- 
famously vicious of an earlier day, for whom the mire of the morass 
and a covering of hurdle were fitting consummation:^ — 

"... a hideous crew, 
Greeted of none, disfigured and forlorn — 
Cowards, who were in sloughs interr'd alive ; 
And round them still the wattled hurdles hung, 
Wherewith they stamped them down, and trod them deep. 
To hide their shameful memory from men." 

Another bond, less disinterested, which bound vassal to chief, 
was the latter's gift-giving or liberality. Throughout the whole 
Heroic age we see it. Now it is a sword, now a ring, now 
some notable treasure. Such gifts for services rendered were of 
everyday occurrence, as is shown by the frequent use of the terms 
" gift-seat," " gift-hall," " gold-giver of men," &c., and were much 
belauded in their poetry. Nor were the services necessarily 
those of war. Songcraft, too, had its rewards,^ often perilous 
enough. 3 Gradually the idea of a grant of land was evolved, 
and, owing to its great importance as a possession, it caused the 
comitatua to be regarded as the high road to preferment. 
Thus out of the comitatus grew the idea of feudal tenure, and 
finally, in some degree, what we know as the Feudal System. 

So much for the dual bond that bound vassal to chief. Let 
us next look at the chief, or king, himself. We must not be 
misled by the term. He was often no more than the head of a 
family or clan. In primitive times he discharged the duties of 
lawgiver, priest, and king : his hearth formed alike council 
chamber and altar; and dead, he was, as we shall see, an object of 
worship. But if much honour was given him, much was required 
of him. He had to be sage in council, yet active in battle ; first 
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in war and first in peace. Epithets, too numerous to name, are 
showered upon him, culminating in that epithet which occurs but 
once in the whole range of Anglo-Saxon poetry, that orleahtre^ 
(t.e., without reproach), attached to the lordly Hrothgar, and 
representing their conception of the ideal king, the Bayard of 
primitive times, the " chevalier sans peur et sans reprocheJ^ But 
these epithets are not our only means of arriving at an estimate 
of the kingship. We see him likewise discharging his duty in 
the midst of his assembly, deliberating when danger threatened 
the land, putting up prayers and offering sacrifices to avert it. ^ 
But gradually, in the growing complexity of their social system, 
this sacerdotal function became dissociated from the administra- 
tive and judicial, while continual struggles, and the consequent 
demand for combined action and leadership, gradually evolved 
something of the modern idea of the king ; but we cannot read 
even the long topographical list in the " Traveller's Song," we 
cannot even glance over their charters and their laws without 
seeing that the Anglo-Saxon conception differed from ours in one 
important particular. To them the kings were kings of the 
peoples rather than of the* land; of the West Saocons^ not of 
Wessex ; of the Mercians, not of Mercia, What land they did 
hold was theirs in the same private sense as that of any freeman. 
With these words we must leave the king ; nor have we space 
here to trace the growth of the Assembly whereof he was the 
head, for to do so would be to exhibit the evolution of the English 
Constitution. But we cannot refrain from proudly calling attention 
to the fact that, amid all the vicissitudes of her history, England, 
even in her darkest day, has never been without some form of 
general assembly to voice her people's wishes. True, it may have 
suffered obscuration for a time, when the chains of feudal 
monarchy pressed heavily upon her, when despotism threatened 
to blight her growing life, or when she was tern by intestine feud, 
yet we behold it ever arising, Antaeos-like, with added strength. 
Call it a mere Folk-moot, call it Witenagemot, call it Great 
Council, call it Parliament, or by any other name you will ! 
From the forest swamps of Germany it came to her, with the 
beginnings of her people, and in these intervening years it has 
grown and fructified, and its fruit is freedom. 

Let us next examine their attitude towards war and weapons. 

1 "Bee," 1886. « c/ " Beo.," 175-188. 
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Their custom of being always prepared for war has been already 
noticed, and we know that in their ancient councils they sat 
down fully armed, and applauded by brandishing their weapons.^ 
When their own tribe had no war, we see them volunteering to 
assist other tribes. They thought it utter stupidity to acquire 
by the sweat of their brow what they might win by their blood ^ 
They tilled fresh lands every year,^ lest they might give up the 
practice of war for settled agriculture, or lest they might be 
tempted to increase the comfort of their homes, and thus 
engender effeminacy.* Such is, in outline, the picture we 
possess of " that multitude of whelps," to quote the 
words of Gildas, *' who came forth from the lair of the 
barbaric lioness," but who, baibarians though they were, 
were destined to uprear on the ruins of Roman civilisation 
the beginnings of our mighty empire. And their early life was 
well calculated to produce a race of heroes, for by the sword they 
lived, by the sword they perished, and northern legend tells us 
how death by honourable wounds was a sure passport to the 
dwellings of the gods. Parents buried their children as often as 
the children their parents, and we who have some knowledge of 
their early traditions cannot wonder that war played so important 
a part both in their literature and in their lives. War they took 
delight in. Lavished upon it is found epithet upon epithet, 
synonym upon synonym. We behold many a lurid battle-scene 
lighted up by the flashing spear or javelin, or by the white streak 
of shaft sent hissing on its way. War entered into the whole 
life of these hardy Teutons, from the cradle wherein they were 
suckled on the sword-hilt until their death-day, when we behold 
the wondrous weapons flung on the funeral pyre that after the 
fight opened the gates of Valhalla to many a bold, fierce Viking 
soul, or when we see them buried with the dead chief in his 
funeral cairn, that he may have fitting weapon wherewith to 
follow on the war-trail with Odin. Like their own Grendel, they 
made^a sport of war. Everywhere do we find the glitter of arms; 
in every corner lurks a blade, on every wall hangs a buckler. 
The very weapons are endowed with personality; the shaft with 
its feather-fittings eagerly sings from the bow ; the sword thirsts 
for the foeman's blood, and mourns^ because if he himself should 

1 " Ger.," 11. 3 " Ger.,» 16. » cf. " Rids.," 19, 21. 

2 " Ger.," 14. J * " Cses.," VL, 22. 
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/(dl in the fight he has na one to avenge him. Pictures like these 
call to our mind a famous modem instance, conceived in the 
same spirit: — 

*' Armour rusting in his halls 
On the blood of Clifford calls: — 
' Quell the Scot/ exclaims the Lance — 
* Bear me to the heart of France,' 
Is the longing of the Shield." 

Even batcle itself, ffUdf has a personal force when she clutches 
away the warrior. Their idea of vengeance is that it shall be 
prompt, steady, and sure:^ for the enemy, " stone-dead is safest;" 
and for the friend, "to-day for revenge and to-morrow for mourn- 
ing. If you would catch the true spirit of an English fight, turn 
to " Byrhtnoth's Death" at Maldon, or to the " Battle of Brunan- 
burg." The one is a tale of defeat, the other of victory; both are 
living pictures of English courage. Kead them in the original, or 
turn to the works of Tennyson, and see how the old minstrelsy 
looks at its best when describing the grim horrors of battle: — 

" Many a carcase they left to be carrion, 
Many a livid one, many a sallow-skin — 
Left for the white-tail'd eagle to tear it, and 
Left for the homy-nibbed raven to rend it, and 
Gave to the garbaging warhawk to gorge it, and 
That gray beast, the wolf of the weald." 

("Brun.,"§ 14.) 

These are actual pictures from history, but away back in the 
Saga lays we find the conception of still more desperate bravery, 
of fierce single-handed fight against foul monster or treasure- 
guarding dragon, against sea-beast or mere-wife, where we see the 
warrior confident that the gods will assuredly help him if ho 
battles manfully. In such scenes as these we recognise how high 
was their ideal of courage, and on how firm a foundation has 
been reared 

" The Saxon strength, the nerve of steel, 
The tireless energy of will. 
The power to do, the pride to dare." 

Courage was to them the virtue of virtues, the great leveller of 
social distinctions. " Eorl" did not disdain to fight with "ceorl," 
nor did the "ceorl" always suffer defeat. Moreover, the chief 



1 c/. " Maldon," 256. 
Vol. XXIX. c 



34 Philosophical Society of Glasgow, 

dismounted and fought with his followers, even as late as 
Hastings.^ 

As to their actual weapons, we cannot do more than merely 
mention linden-shield, a protection alike against enemy and elf- 
shot ; the spear of varying name and shape, that so often was 
hurled from the chieftain's hand as the signal for battle; the 
helmet with its boar-crest, which figured in many a stubborn 
fight from the days of Tacitus downwards, and which in these 
later years has been resurrected from the opened tomb;* the bow, 
destined to become the national English weapon; the seax, final 
arbiter in many a fight; and, last of all, the sword j the weapon 
par excellence of Teutonic song. We must consider it ere we pass 
on. It is the weapon most frequently mentioned in their poetry, 
and most rarely foimd in their graves. Thus we may conclude 
that it was not, any more than it is to-day, for the mere rank and 
file. But the extreme paucity of ** grave " swords is further 
accounted for by the fact that they were very often looked upon 
as heirlooms, and passed down from father to son — weapons far 
too precious to be buried with the dead; and in the Scandinavian 
tombs, where they are more frequently met with, they are often 
wilfully damaged. 3 What a wealth of love is lavished upon 
them in the Heroic poetry ! Not only have they names such as 
Hrunting, Nsegling, and the like, but they are associated with the 
supernatural and the divine. They are "Wey land's work," or 
the "work of the giants," and on the blade mystic runes are 
often carved, as is corroborated in a remarkable manner by the 
sword found at Ash, in Kent.* But runes, too, at times were an 
enemy's work to bewitch it and blunt its edge,^ and the sorriest 
hour for the warrior was when his blade broke its compact and 
failed to " bite '' the foe. 

From war the natural transition is to Burial Customs, and for a 
proper understanding of these we must study the ceremonial pre- 
sented not only by Anglo-Saxon records, but by the full body of 
Teutonic literature. Here the information of Tacitus is most 
meagre. The obsequies that had received his attention were of 
the simplest description :<^ the bodies of the chiefs were merely 

Vc/. "Maldon," 2; Freeman, * Jewitt, "Grave Mounds," 471. 

" Nor. Conq.," III., 472. « " Sal. Sat.," pp. 144, 5. 

2 e.g., at Benty Grange. « "Ger.," 27. 

8 "Du Chaillu, "Viking Age," 
195. 
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burned with certain kinds of wood, the dead man's arms, and 
occasionally his horse, being added to the funeral pile. Thus we 
should have been forced to conclude that what we read both in 
Saxon and in Icelandic Heroic literature is mere poetic figure and 
imagination had we not the direct confirmatory evidence of 
tumuli or funeral cairns. We are on the border-land of relisfion 
here, for we owe these cairns and the attention given to the dead 
to that inborn, but often hazy, idea of a future life which has 
characterised all nations. It was this that caused the rude 
Eskimo to bury with his chief his boat and weapons, along with 
certain lay figures — possibly to represent his wives — to supply 
him with food, and to perch his tomb on some lofty headland, 
that even in death he might look down with delight on play of 
seal or flight of bird. And the case was similar in cultured 
Egypt, where their very history can be read from the accurate 
disposition of their tombs. They, too, had their boat, in which to 
travel to the realm of Osiris, and for them food was provided, 
usually in imperishable form. And by the barren sand-dunes of 
Sleswick existed similar customs; food was set aside from the 
family banquet, for the dead, who in invisible form,, were believed 
to inhabit their funeral cairn, or to haunt the hills and forest 
glades around their earthly dwelling, that even in death they 
might cater for the good of the living. 

As to the actual disposal of the dead, their poetry and their 
burial mounds alike testify to a dual ritual — burning and burying; 
and within these, two varieties — land and sea burial. Of actual 
sea-burial we find no trace in England, and but one instance re- 
corded in Anglo-Saxon poetry,^ but that instance gets all the 
verification possible from the more modern rite by which it was 
symbolised, and by means of which it had its main features pre- 
served in the tumuli of the north. Let us enquire into these 
obsequies of the golden age, and see how Scyld was shipped off 
into the great deep. Here we have, according to Professor Earle, ^ 
"the best-preserved picture that time has spared us out of Teutonic 
heathendom." We behold the ship riding at her anchor in the 
haven, glistering and ready to go. The faithful retainers convey 
their lord's body aboard, as he himself had requested. By the 
mast they place him, surrounded by jewels, precious ornaments, 
and war weapons — a vast multitude of treasures that were to go 

1 " Beo.," 26-52. 2 u Deeds of Bee," p. 108. 
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forth with him into the flood's possession. Overhead a gold- 
wrought banner flatters from the mast, and they give him into 
ocean's keeping that he may drift far from his kinsmen's ken. 
What impelled them to this custom? Had they grasped, even in 
that age of bronze, the idea so rarely expressed of death as a 
voyage, the conception so admirably presented in the lines of 
Tennyson ? — 

" Sunset and evening star, 
And one clear call for me ! 
And may there be no moaning of the bar, 
When I put out to sea, 

*' But such a tide as, moving, seems asleep, 
Too full for sound and foam. 
When that which drew from out the boundless deep 
Turns again home. 

" Twilight and evening bell. 
And after that the dark ! 
And may there be no sadness of farewell 
When I embark : 

" For tho' from out our bourne of Time and Place 
The flood may bear me far, 
I hope to see my Pilot face to face 
When I have crossed the bar." 

Did they think that the ship, with its dead occupant, would be 
divinely directed to Valhalla 1 Or did they desire to give an air 
of mystery to the resting-place of the mighty dead? Or did they 
wish to remove the temptation to degenerating grief ? Be that as it 
may, we behold the ceremonial here undegenerate. A companion 
picture is to be found in the Icelandic burial of Balder, though 
here burning is conjoined with burial. A funeral pyre is raised 
upon the deck, the gods place the body thereon, the vessel is 
pushed through the sand into the sea, and, as night descends upon 
the smoke-wrapt craft, we behold the gods still gazing across the 
deep towards that fading speck of light until, 

" With a crowd of sparks the pile fell in. 
Reddening the sea around, and all was dark." 

That such ritual is more than a mere myth is proved by 
antiquarian research among the grave mounds of the north, where 
ships have been found in such a position as to show that the dead 
chief was buried aboard and the vessel earthed over, with its 
bows turned seawards. 
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In later times, however, land-burial was substituted for the 
older rite. When a great chief died, a huge bale-fire was piled up 
on a bold headland by the sea-shore; on it were placed the chief- 
tain's body, his weapons and equipments. Smoke and roaring 
blaze mounted heavenwards; then a huge tumulus was reared, 
and therein were deposited gold and jewels and trappings of war, 
and there, by the scarred and wind-swept ness, they left the 
warrior, that his mighty spirit might be soothed by the " funeral 
dirge of the ocean." ^ This mode of interment, by means of fire 
and the subsequent raising of a barrow, is illustrated by the two 
Saxon graves opened at Winsted,* and the habit of erect- 
ing the barrow by a lofty headland is strikingly proved by the 
honeycomb of graves found in the hill overlooking Folkestone.® 
Of course, the ritual varied in different places, even at the same 
time. For example, excavations have shown that, after the 
Saxons in Kent had ceased to bum their dead, the practice was 
still common from Norfolk to the centre of Mercia.* 

But their poetry also alludes to burial without any pomp or 
ceremonial, where we see a chiefs body ** hidden in an earth- 
cave," his thanes all the while sad of face because their lord had 
been reserved for the dreaded "straw-bed," instead of dying in 
battle.*^ 

The last stage of their burial customs is modem in its idea, and 
reveals an entirely different point of view.® We have here a 
clear distinction made between spirit and body; the latter is the 
mere casement, and to strew ornaments over it as it lies in its 
grave is but vanity, altogether unable to redeem the soul or living 
part from the wrath of God. They have now recognised that the 
body can take with it unto the unknown neither gold nor silver 
nor any possession,*^ but is a thing of naught, fit only for the 
worms. Henceforth, warlike and unwarlike shall sleep together 
in God's acre. 

But the grave did not end all. It was the Teutonic belief that 
in the shadow-land the dead still continued to discharge the duties 
they had performed in life; and this leads us to the consideration 
of their Religious System and its development. Without some 

* c/. Burial of Hnsef or Beowulf. * De Baye, "A. S. Industrial 
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reference to this no sketch can have any claims to completeness, 
for the gradual blending of Paganism and Christianity, or the 
raising of Christianity on the substructure of Paganism, wrought 
a revolution in the life and thought of Anglo-Saxon England. 
Waiving for the time being any study of the Earth Worship, 
which was the oldest form of Nature Worship the Teutons pos- 
sessed, let us consider that Ancestor Worship which lay at the 
very root of their early religion. This " Manes- Worship," as 
Tylor^ calls it, has been one of the great formative agencies in 
the religion of the world. Ii is even in this century "the 
practical religion of the largest part of the human race."^ We 
find it in all continents and among peoples at every stage of 
civilisation. Among the Hindus it has shaped the entire law of 
inheritance.^ In Europe saints have been canonised by a similar 
principle. Among our forefathers we find it in two aspects. 
The first of these had its origin in that proneness to hero-worship 
which has ever been present in the human heart, that feeling 
which has led to the raising of ancestors to the rank of demi-gods. 
Indeed, the "real" gods, the units of the proper Teutonic 
theogony, like those of Greece and Rome, were merely human 
beings on a larger scale. In proof of this we need only refer to 
the death of the white god Balder, or the wounding of Ares by 
the Greek Tydides. It has been denied* that Ancestor Worship 
had much, if anything, to do with the " actual " gods, whose home 
was somewhere in the far off north, to which our heathen fore- 
fathers turned in their devotions, but, in my opinion, the more 
we read Teutonic literature the narrower does the border-land 
appear between deity and demi-god. The principle of the one is 
merely an extension of. that of the other, though the god may 
have originated in a mythical being, and may not have had to 
pass through the chrysalis stage of ordinary humanity. The 
Saxons themselves hint at the recognition of this principle when 
they represent the gods as the ancestors of their kings. The 
second and homelier aspect of Ancestor Worship is the worship of 
the ordinary dead, who have not yet been advanced beyond the 
mortal stage. Here we have the pure Hindu idea of worshipping 
ancestors actually remembered, that idea which made every 

^ </. "Primitive Culture," p. 113. » Maine, "Early Law and Cus- 
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Teuton's hearthstone an altar, and the father of the family its 
priest.^ Though lost to sight, these ancestors were still, in some 
mysterious way, preserving their connection with the living world, 
and carrying on the duties that had been theirs in life. Thus the 
viking even in death must have his ship, the hero his horse and 
weapons. 

These gods and demi-gods required no actual temple. River, 
cave, or mountain was thought worthy to be their dwelling, but 
the centre of their worship was the sacred grove. Thus the cult 
of personal divinities was closely connected with another aspect 
of their religion, their Forest Worship, which formed an integral 
part of that Nature Worship wherein they invested all the forces 
of nature with spirit and life; but this subject we shall reserve 
for separate treatment. 

Such were some of the heathen doctrines with which our 
ancestors were saturated when they burst with overwhelming 
force on the shores of Britain, and, unlike the other barbarian 
invaders of the empire, adopted neither the Roman language nor 
the Roman religion, but, like a black wedge driven home by the 
hammer of Thor, broke asunder the religion of the Celt from the 
fatherly care of Rome, and established in its place the faith of 
Thunor and Woden, till the whirligig of time brought to the 
shores of England yet another wanderer from beyond the sea, 
who was to set up again the faith in a risen Lord, which was 
destined in the aftertime to be the great brother-bond of the 
nations. The varying fortunes of Paganism and Christianity are 
so vividly portrayed in their literature that we seem to see stern 
Penda gazing with scornful sneer on the monkish train and their 
trembling neophytes, who were afraid tp die in their fathers' 
faith, which, good enough for Odin, sufficed for him. To the last 
he hated and despised those whom he saw not doing the works of 
the faith they had received, and, sincere, the stark pagan died as 
he had lived. But history tells us how, in the main, the Saxon 
mind was. open to conviction, and the story of their willingness to 
receive the Christian faith cannot be better told than in the 
graphic words of the alderman of Edwin: — " So seems the life of 
man, O king, as a sparrow's flight through the hall when you are 
sitting at meat at winter-tide, with the warm fire lighted on the 
hearth, but the icy rainstorm without. The sparrow flies in at 
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one door, and tarries for a moment in the light and heat of the 
hearth fire, and then flying forth from the other vanishes into the 
wintry darkness whence it came. So tarries for a moment the 
life of man in our sight, but what is before it, what after it, we 
know not. If this new teaching tell us aught certainly of these, 
let us follow it." More directly practical were the words and 
action of Coifi the priest: — "None of your people, Edwin," said 
he, '' hare worshipped the gods more busily than I, yet Ihere are 
many more favoured and more fortunate. Were the gods good 
for anything, they would help their worshippers. Therefore let 
us hearken to the message of these men, and learn what their law 
is, and if we find it better than our own, let us serve their God 
and worship Him.'' Then, seizing a spear and mounting a stallion, 
both of which acts were unlawful for a priest, he rode towards 
the sacred grove and hurled his spear at the sacred temple. 
Thus priestly craft and witan accepted the king's religion.^ But 
the new faith did not entirely supersede the old, as we shall 
presently see. They lived on together, each profiting by the 
other. How, then, are we to explain this ready acceptance, this 
mutual lending and borrowing, this gradual weld[ing together? 
The best answer to the question is got from the old literature of 
the Northland, where the Teutonic Paganism had time to develop 
before it was affected by Chriistianity. There, in the " Volo-Spay* 
or " Sibyl's Prophecy," the "highest spiritual effort of the heathen 
poetry of the north," we read these words: — 

" In the beginning, when naught was, there was neither sand nor sea nor 
the cold waves, nor was earth to be seen nor heaven above. There was a 
yawning chasm [chaos], but grass nowhere, ere the sons of Bor, who made 
the blessed earth, raised the flat ground. Then the Sun shone forth from 
the south on the dwelling-stones, and the fields were mantled with green 
herbs. The Sun knew not her inn, nor the Moon his dominion, nor the 
Stars their place. Then all the powers, the most high Gods, assembled to 
their judgment-seats and took council together, giving names to Night and 
the New Moons ; they called Momingtide and Midday, Afternoon and 

Eventide, by their names, for the counting of seasons I see, 

farther in the future, the mighty Doom of the blessed Gods. Brothers 
shall fight and slay one another, kinsfolk shall break the bonds of kindred. 
It shall go hard with the world. . . . The sons of Mimi are astir, the 
Judge is moving at the blast of the Horn of Roaring. Loud blows Heim- 
dal, the Horn is on high. Woden talks with Mimi's head, the towering 
ash Ygg-drasil quivers, the aged tree groans, the Giants have broken loose. 

1 Bede, "Ecol. Hist.," Bk. II., ch. 13. 
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. . . The Giant Hrym comes driving from the east : high he holds his 
Unden-shield 5 the monster Dragon writhes in giant fury; the Serpent 
lashes the waves, the Eagle screams, Pale-neb [the Vulture] tears the 
corpses. Nailboard [the Ship of Doom] is launched. A bark is speeding 
from the west : the Sons of Muspell [the World-Destroyers] are crossing 
the sea with Ix)ki for steersman. All the Demons are marching with the 
Wolf : Byleist's brother [Loki] is in their ranks. From the south comes 
Giant Swart (Surtr), fire in hand, the sword of the Demon of Death shines 
like the sun. The granite-rocks are rending, the ravines fall in, the Dead 
are marching up the road of Hell, the Heavens are riven. . . . The 
Sun turns to darkness, Earth sinks into the deep, the bright stars vanish 
from out the heavens, fume and flame rage together, the lofty blaze plays 
against the very heavens. . . . But I behold Earth rise again with its 
evergreen forests out of the deep . . the fields unsown shall yield their 
increase. All sorrows shall be healed. . . . Balder and Hod shall 
dwell in Woden's mansions of bliss, in the holy places of the blessed Gods. 
. . . I see a hall, brighter than the sun, shingled with gold, standing 
on Gem-lea. The righteous shall dwell therein, and live in bliss for ever." 
("Corpus Poeticum Boreale," pp. 193-201.) 

These quotations show how readily the Teutons would 
accept the Christian creed, which presented so many possibilities 
of union with their own. With the destroying sword of Surtr 
before their eyes, they had no difficulty with the Day of Judg- 
ment; those who had heard of Loki or of Grendel would easily 
grasp the idea of Satan; from the fatherhood and sanctity of the 
chief it was but one step to that of God ; the saints and apostles 
were but the minor deities of Asgard ; the Christian feasts were 
but a new form of their pagan festivals; the mass to them was 
but heathen rune and incantation writ a little larger. In the 
Calendar, Woden, Tiw, Thunor, Soetere, Freya still were honoured 
names. The Easter fire was retained, but Easter now had 
hallowed memories; and the Boar's head, sign of the ancient 
worship of Freya, was sanctified by Christmas day. 

But if Christianity had so many points in common with, and 
adapted itself so much to, Paganism, wherein lay its subtle in- 
fluence 1 A few examples will suffice to show. The Saxon re- 
cognised the close brother-bond of blood ; Christianity now 
showed him a brotherhood not dependent on actual consanguinity, 
and thus upset his heathen notion that a man of alien kin was 
an enemy to be hated, despoiled, and, if need be, - slain. The 
comitatus had taught him to appreciate vicarious suffering, but 
to see One lay down his life for enemies who mocked Him while 
He died was an idea altogether new* Moreover, their kings 
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could no longer be the descendants of gods, whom the neiy reli- 
gion declared to be non-existent. The freeman who wished to 
carry out his feud or claim his "wergyld'* found himself face to 
face with the fiat, "Vengeance is mine;" war was met with the 
stern edict, "Thou shah not kill;" and manual labour was ren- 
dered honourable by the Carpenter of Nazareth. These were 
doctrines too startling to be accepted all at once, and thus the 
new religion was forced to temporise, to turn charms into prayers, 
to cover heathen spells and customs with a thin veneer of Chris- 
tianity. Thus arises the dualism we so often meet with, that rude 
mosaic with the interstices easily seen. God and " Wyrd " are 
side by side, though Christian monks, with loving but laboured 
art, have endeavoured to present the Almighty as the controller 
of all fate. In spite of their efforts " Wyrd " is everywhere ; she 
whirls all things to change ;i she weaves the web of destiny ;2 her 
prestige is hardly affected by the idea of the Eternal One, whom 
the " Wyrds " change not.^ 

Into their homely life this same dualism enters. The country- 
man's land is bewitched. * To cure it we have a heathen spell 
with a Christian setting. " Erce, Erce, mother of earth," divides 
the honours with the Almighty. The Paternoster and Benedicite 
cannot Jiide the underlying heathenism. Again, the farmer's bees 
are swarming and making for the woodland.^ In their case, too, 
'* Earth " is all powerful, and as he throws a handful of it under 
his right foot, and chants his charm, they sink obediently into 
their hive. Another has taken a sudden pain;® the witch-doctor 
outruns both leech and priest. Another has lost his cattle;^ he 
repeats a charm— Christianised— for their recovery. Thus do we 
find magic mixed up with Christianity by the church when it was 
unable to uproot superstition; and so, not merely in their national 
ceremonial, but even in the rude folk-customs of " unlettered 
hinds," the old religion lived on, coloured and modified by the new. 

But there was one aspect that was little coloured and almost 
unchanged — their attitude towards Nature. By this we mean 
not the simple facts of tree and field and river, such as we have 
already glanced at, but the grand powers and phenomena of 
Nature, which entered so much into their worship, as it has 

1 " Rum," 25. 8 " Gnom. Ver.," (Ex.) 1, 8, 9. » " Charms," 2. 
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entered into that of every other primitive people. For the con- 
templation of Nature is the true starting-point of poetry, mytho- 
logy, science, and religion. In the case of our forefathers, such 
was the effect of their early environment, and such the awe result- 
ing from their Forest Cultus, that to them Nature was in the 
main an angry goddess, and her great forces were minor gods 
against which puny man could not contend. Hence wildness 
rugged and barren is their theme, nature drear and comfortless — 
the leafless tree, the icy crag, the howling storm-wind that lays 
the world awaste, the long roll of the wintry sea, the moorland 
wherein dwell the monster brood that will do them hurt, the 
marsh and woodland with their indwelling terrors, nicors and 
dragons huge and formless as the mists that breed them, the 
denizens of hell, the icy cold, and all the adverse forces that by 
night do their deeds of evil. But we cannot follow the subject 
further. To exhaust it means to traverse the whole range of 
Anglo-Saxon poetry, and to do so means to grasp, above all other 
things, the fact that their attitude towards Nature differs as 
widely from ours as may be ; and that if the gulf is bridged by 
any modern it is by Shelley, who, even more than Wordsworth, 
is our poet of Nature in its grander aspects. 

These, then, are a few of the characteristics of the f oimders of 
our race which their poetry has preserved ; and if we have pre- 
ferred to dwell upon their strength, it is because others have done 
full justice to their weakness. Moreover, it is their strength that 
we inherit, our weaknesses are our own — weaknesses incidental to 
our age, as theirs were incidental to their age. We do not recog- 
nise in the Teutonic Calibans of some of the ethnologists, in the 
caricatures of Taine or of Guizot, our Germanic ancestors. We 
prefer to ask those who have painted them as savages but a single 
remove from the brutes that perish, to remember how Rome re- 
cognised their potential greatness and thought of them as allies, 
how Caesar saw they were a mighty force to reckon with, how it 
required the genius of a Marius to save the empire at Aquae 
Sextiae, how a *' barbarian '' emperor wielded the Roman sceptre. 
Such men could hardly be degraded barbarians, and while — to 
paraphrase Heine — we are not " to seek in old Germanic forests 
those virtues that we miss in modern drawing-rooms," yet we 
must recognise that they had in them the germ of true greatness. 
Let us inquire rather than scoff, let us study their writings and 
themselves rather than accept at second hand what has been said 
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about them; and now that the claims of the Anglo-Saxon 
language are being feebly heard amid the battle-din of Classic and 
Scientist, let it be no longer said that, like the proverbial prophet, 
it is without honour in its own country. But as we inquire, let 
us remember that we are dealing with the child-life of a nation, 
and that it is diflScult for us to enter into their feelings. For we 
have passed through the outer portals of science, we have wrested 
from her some of her weightiest secrets ; by us the veil has been 
lifted from the face of Nature; by usher facts, *^ the stem children 
of a passionless reality," have been catalogued and inventoried ; 
by us sound and light have been dissected; by us, too, the rain- 
bow — the ancient " Bifrost, Bridge of Asar " — has been declared 
an unsubstantial thing, on which may no longer stand Heimdall, 
the watchman of the gods ; by us even the thunderbolt has been 
reft from the mighty hand of Thor, and made a mere plaything 
for a scientific child. We do not, like our forefathers, stumble 
blindly from fact to fact, " believing where we cannot prove." 
"We have lost their child-like haphazard, but we have lost, too, their 
child-like faith. We may have harnessed the mighty waters and 
forced them to do our bidding, but we cannot hear the mystic 
message of the rill, for if we know where they feared, we are too 
often deaf where they heard. Thus our ancestors were, and thus 
we are. But let us bear in mind that they planted, their suc- 
cessors watered, and we are gathering the increase ; and it is to 
the results of their stem simplicity and incipient greatness that 
we owe the fact that England throughout the rolling ages has 
gone on from strength to strength, and that for her has not yet been 
spoken the last of these four words of eternal truth, which, con- 
cerning all things earthly, we find written with pen of iron upon 
the scroll of Fate — Birth, Growth, Manhood, Decay. 
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ECONOMIC SCIENCE SECTION. 



PRESIDENT'S OPENING ADDRESS. 



III. — On Indicm Economics, By Geo. Handastde Dick. 



[Bead before the Society, 12th January, 1898.] 



The occasion of a sessional presidential address, is recognised 
as a suitable opportunity to call attention to any prominent 
point bearing upon the objects of the Society addressed. Because 
of this, and in view of erroneous impression and opinion existing, 
which tend to hamper the growing interest in and progress of 
economic science, I preface my address with the following extract 
from a somewhat ancient record — the " Encyclopcedia Metro- 
politcmaJ* It sets forth the attitude and purposes of our science. 
The statement is as true now as when it was written, and it accu- 
rately describes the attitude I seek in approaching the subject to 
come under our consideration : — 

" The duty of each individual economist is clear. Employed, as 
he is, upon a science, in which error, or even ignorance, may be 
productive of such intense and such extensive mischief, he is 
bound, like a juryman, to give deliverance true according to the 
evidence, and to allow neither sympathy with indigence nor 
disgust at profusion or at avarice, neither reverence for existing 
institutions nor detestation of existing abuses, neither love of 
popularity nor of paradox nor of system, to deter him from 
stating what he believes to be the facts, or from drawing 
from those facts what appear to him to be the legitimate con- 
clusions. To decide in each case how far these conclusions are to 
be acted upon belongs to the art of government — an art to which 
Political Economy is only one of many subservient sciences." 

The presidential address which I had the honour to deliver to 
the Philosophical Society of Glasgow last session dealt with 
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points of Economics from a commercial aspect. It gave rise to 
an amount of interest in marked contrast to the obscurity of the 
writer, and the liberality of our Society responded by authorising 
its republication. I am informed that the views expressed with 
reference to India have been largely reprinted there, and that 
the paper has been republished in the United States. The paper 
was professedly of a diffuse character, intended to awaken fuller 
consideration and discussion. To-night I propose to limit 
observation to one branch of what was then indicated, so that it 
may be considered in more detaU. 

For brevity's sake, there has to be omitted from this paper all 
consideration of the economic position of the governments of the 
various Presidencies of India, though these governments expend 
revenues in amount nearly equal to one-half of the total Indian 
Imperial expenditure; also the wonderful system of Village 
Government, which has prevailed in India from the dawn of history ; 
and the Municipal Government of the larger cities. So far as its 
government is concerned, our view is thus confined to the Indian 
Imperial problem. Thus limited, the subject is still too vast for 
a presidential paper, but it is not too vast to hinder the presenta- 
tion of salient aspects, or to prevent the indication of prominent 
points upon which larger knowledge and better opinion can be 
sought. 

There is nothing in the general attitude of the public of this 
country, and but little in the attitude of our press, to lead to the 
assurance that the electorate of Great Britain recognises that its 
mastership of India carries with it the final responsibility for the 
just administration of India. On the contrary, the manner in 
which the affairs of India are neglected and ignored by the House 
of Commons year after year, is nothing short of discreditable. 

Again, amid the high pressure of thought forced upon a society 
such as this by many circumstances, even the prominent facts 
relative to India are apt to escape the general memory. 

I therefore take leave prefatorily to say, that for many 
centuries India has been celebrated for its ancient learning and 
civilisation, for the wealth of its natural productions, as well as 
its costly and beautiful manufactures. Popularly, and in the 
past, India has always been associated in our minds with vast 
wealth. 

The people of India, with some reservation regarding the 
inhabitants of the great cities, have been described by Markham 
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as *' singTilarly temperate, chaste, honest, peaceable, singularly 
docile, easily governed, and patient." So far as my residence 
among them is a guide, I confirm that opinion. I also desire to 
place on record the charitable benefactions of all classes and 
creeds. Several native Bombay merchants could be named who 
have, individually, given as much for philanthropic objects out of 
their own pockets as the total public subscription raised in Great 
Britain last year for famine relief in India. Nothing I know of 
in this country appears to me to approach the charitable liberality 
of the Indian people. Suffice it to say that, in a country 
abounding with the poorest of the poor, there is no poor law. It 
is found that, in ordinary times, the benevolence of the people, 
who are mainly very poor themselves, voluntarily maintains all 
the indigent. The beautiful Scottish Orphanage in Bombay was 
erected by a Hindoo gentleman, and the Infirmaries, Best-houses, 
Free Dispensaries, Sanitoriums, <fec., which have been provided by 
our native fellow-subjects in India, prove a trait in native character 
of an exalted kind. 

In one of its economic aspects, India is in a specially favourable 
position — a position which some would fain see established in this 
country — viz., all agricultural land is practically the property of 
the Government, and the rent paid for it (called Land Revenue) 
was, till recently, the largest source of revenue the Government 
had. Sad to say, the taxation now exceeds it. 

In this place it may be noted that, prior to the British rule, 
the land revenue of India was collected by a system of tithes in 
kind — a certain proportion of the crops produced — and this is 
still the system in a number of native States. Under that 
system, if the harvest proved a failure, no claim could exist for a 
proportion due to the State. Under British rule, however, that 
ancient system has been discarded in favour of a fixed annual 
money payment, due and exigible whether the land yields crops 
or not. Under the present plan it is manifest that, with the 
people too poor to keep in hand one year's rental from the money 
proceeds of a previous year, they are, if the crop fails and when 
the rent comes due, forced into the clutches of the native money- 
lender. He is no more scrupulous in his terms than his brothers 
in the West. I merely state this point as important ; its 
exhaustive discussion would occupy an undue amount of the time 
at our disposal. 

The history of India has been intimately associated with the 
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British race for centuries. On the 31st December, 1600, a 
charter was first granted to a number of London merchants hy 
Queen Elizabeth, under the title of " The Governor and Company 
of Merchants in London trading to the East Indies/' In 1662 
this Company had the right conferred upon it to make war 
and peace with the native princes. The vast powers it received 
and exercised during its dominance were used, not in the interests 
of the people of India, but were controlled by the avarice and 
ambition of the East India Company. This resulted in that 
Company acquiring for its proprietors enormous profits, as well as 
sovereign powers over numerous peoples and over immense 
districts of India. It also acquired grave discredit to itself as a 
government. The powers of the East India Company were 
largely limited in 1833, but it continued to rule up till 1857, 
when the Mutiny occurred. In 1858 the governing powers of the 
Company were taken from it by Act of Parliament, and India 
was absorbed under the British Crown. Queen Victoria was 
declared Sovereign of India. At that time this country's moral 
tone, and its patriotism in the grand sense, had been exalted by 
the terrible events of the Mutiny. On the assumption of 
sovereign authority by Queen Victoria, she issued a proclamation 
to the people of India in the nature of A Charter of Rights. This 
proclamation had universal approval in this country. No Briton 
to-day can read its main provisions without a sense of pride at 
the policy which Britain, through the act of the sovereign, 
declared for India. 

The Queen's proclamation stated — " We hold ourselves boitnd 
to the natives of our Indian territories by the same obligations of 
duty which bind us to all our other subjects, and these obligations, 
by the blessings of Almighty God, we shall fully and conscien- 
tiously fulfil. 

" In their prosperity shall be our strength, in their content- 
ment our security, and in their gratitude our best reward. And 
may the God of all our Power grant to us, and to those in 
authority under us, strength to carry out these our wishes for the 
good of our people." 

Thus it is that the interests of Great Britain in India have been 
growing for 300 years. Also, that since 1858 the British Govern- 
ment has been the sole paramount power iu British India. The 
inhabitants of that vast portion of Asia have been our fellow- 
subjects for forty years. How far our rule has been for the 
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economic advancement of India, or how far it has been opposed 
to that advancement, is what we have now to consider. 

Entering upon that consideration, it is essential to bear in 
mind the State of India prior to its government being gradvMly 
absorbed by the East India Company and by Great Britain. 
Before the arrival of the dominating British in India, that 
country had been held by numerous foreign conquerors. The 
Mahomedan Conquest dates from 1001, and subsequent Indian 
history records many changes of dynasty. Such dominance was 
founded mainly with the object of using the conquered, with 
what they possessed and as far as possible, for the material enrich- 
ment and the ambitions of the conquerors. In addition to foreign 
aggression, India suffered from wars between her different States 
— each having its individual ruler. In those times she was 
frequently devastated by famine and disease, as well as by wars 
of race, caste and creed. 

Under the British Government, the foregoing and other enormous 
disadvantages from which the people of India suffered, have either 
been mitigated or entirely removed. Now, over that vast and 
populous continent, peace (outside of tribal difficulties beyond the 
frontiers), good government, and all that is included in the compre- 
hensive phrase, " security of life and property,'* obtain to an extent 
thafc bears favourable comparison even with European countries the 
most ancient and most stable. Wars between individual States have 
ceased ; measures for the mitigation of recurring famine have been 
introduced ; European science has been usefully employed in 
arrest of disease; religious freedom has been secured; and many 
customs which civilisation regards as barbarous, have been 
removed, although others, due to custom and religion, still remain. 
Internal and external means of communication have been opened 
up ; enormous irrigation works have been established ; and educa- 
tion, up to the university standard, is freely provided ; transcend- 
ing probably all else, equal laws have been equally administered. 
Such results accomplished for 225 millions of people in British 
India, in addition to a vast population in native States subject to 
the British power, dwarf the other great achievements of Britain 
in her unexampled progress. These results are recognised with 
gratitude by all the educated classes in India, as well as with 
just and well-founded national pride by ourselves. 

But all is not thus bright in the Indian situation, and attention 
must be given to the reverse side of the picture. 
Vol. XXIX. d 
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Perhaps it is one of the weakest points in the system of the 
Government of India that it is, in practically all its highest offices, 
carried on by officials who are not of the soil ; nor likely, when 
their term of service ia ended, to continue resident in India. 
Their aspirations generally are not associated with India at all, 
but with the mother country. I think it is reasonable to say, 
that in the case of the vast majority of British-bom officials in 
India, the time for their leaving India for good and all, with their 
pensions earned, is eagerly longed for. Nothing is further from 
my thoughts than reflecting upon the covenanted civil service of 
India. I do not know of any body of men anywhere, more entitled 
to the highest esteem and respect of all earnest men everywhere, 
than the covenanted civil service of India. But they are human 
and British born, and we must recognise plain facts confirmed by 
everyday experience. 

The Government of India has another weakness, in that its 
policy is subject to home influence and domination. Between 
what is known as the " Forward policy " and the alternative 
policy of " Consolidation," there is divergence of the widest. The 
former includes extended dominion and the rapid construction of 
railways and other works, at the cost or under the guarantee for 
the State, without much regard to the financial ability of India to 
bear such outlay so long as her borrowing power is unimpaired. 
Such a policy doubtless possesses an attraction for the higher 
British statesmen in India (whose offices are of a generally 
temporary character) which the slower and less brilliant alternative 
has not got. In this connection, too, it should never for a 
moment be overlooked, that a government by alien paid servants, 
whose ultimate masters are also foreigners, and, as a whole, alike 
negligent and ignorant, has frequently before — and in India itself 
on more than one occasion under the East India Company — led to 
the same economic results as those apparently affecting the 
Government of India now. 

In connection with the disadvantages under which India labours, 
there has to be noticed the very remarkable attitude of mind of 
the British public towards India — an attitude which is as unreason- 
able as it appears to be universal. The point I emphasise is, 
that the British-born subjects of the Queen Empress appear seldom 
to recognise that their Indian-born fellow-subjects are as much, 
and as truly, subjects of the Queen Empress as they are themselves, 
and that they are entitled to equal consideration as such. The 
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Empress, as the embodiment of all authority in the Empire, holds 
herself " bound to the natives of our Indian territories by the same 
obligations of duty which bind us to all our other subjects." 
Common conversation and ordinary writing in the daily press in 
this country, uniformly ignores* this fundamental equality. What 
we constantly hear and read is, that India is '* held by the sword," 
" governed by the sword." But India is now no more held by 
the sword or governed by the sword than is England or Scotland, 
or Ireland, or Wales. British India is as much part and parcel 
of the British Empire as they are ; she is quite as peaceful and 
loyal as any of these countries, and has been so for forty years. 
Until the mind of the British public gets to understand that 
Britain and India are one, tied up together in one common bundle 
for the common good, India, her people, and her affairs, will fail 
of that sympathetic appreciation of her economic diflSculties and 
disadvantages which is so readily given to all countries within the 
pale of the Empire; and even to Armenians, Cretans, Greeks, 
et hoc gemus omne. The people of India have not the same voice 
in the making of their laws as the people of Britain. They are 
not yet fitted for such responsibility. But their education is 
progressing quickly, and, as their economic knowledge advances, 
they will, if granted moderate and tentative opportunities for its 
practical application, gradually become both entitled and qualified 
to take large and beneficent part in making the laws under which 
they live, and by which, it is the desire of their fellow-subjects at 
home, that their country should grow alike in material prosperity 
and in all well-being. 

I now direct attention to the Manner in which British rule in 
India has been established. The establishment has not cost the British 
invader a penny of money. Under the old East India Company 
all the revenues necessary for the Government of the country, as 
well as for its warlike operations, were derived from India itself. 
These were in addition to the enormous profits of the Company 
in its trading capacity, and to the gains of its officers and depen- 
dents, which, though unrecorded, we know were vast. Since 
India ha^ been annexed to the British crown, the same system of 
payment has held good. The cost of all wars in India — conducted 
by its British conquerors and not by the potentates or peoples of 
India itself — have been borne wholly and solely by India. British 
soldiers, as well as British pensioners, have for many years been 
sathering large emoluments out of India. She has been the El 
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Dorado of the British Armj. I have never seen it suggested, and 
indeed it would not be true, that India's soldiers have benefited 
out of the revenues of Britain. The world has never before seen 
a handful of foreigners landing on a vast continent, and in a 
gradual way, during a period of time extending to nearly three 
hundred years, conquering that continent without expenditure of 
its own money and with comparatively little expenditure of the 
lives of its home-bom soldiers, Britain has done this largely by 
paying out of Indian revenue the more warlike races of that 
continent to overthrow the formerly existing rulers of the native 
races and their defenders — using the "pice" of the weak to buy 
the strength of the strong. Not only is the foregoing the case, 
but the soldiers and revenues of India have been contributed to 
British imperial interests. It is also true of the wars of India in 
the past, as it is true of the wars which are now taking place in 
the North-west Provinces, that while it is Indian blood in Indian 
pay that is being poured out most abundantly in Imperial service, 
the glory and rewards of battle are mainly reserved for British- 
born of&cers and soldiers. 

How far does the system on which India has been conquered 
account for the known poverty of India to-day ? This is a question 
of vast importance, but outside of parliamentary inquiry it is 
impossible of precise answer. It does not, however, seem un- 
reasonable to suggest, that, so far as the conquest of India was 
obtained by borrowing money from abroad on Indian account for 
its accomplishment, to that extent at least the economic position of 
India is to the worse and not to the better. To charge India with 
the cost of conquering herself in favour of British rule, and upon that 
conquest to establish a government where all the principal officials, 
civil and military, are foreign in race and religion — who practically 
regulate their own emoluments as well as the emoluments of the 
native employes of Government — the hewers of wood and drawers 
of water — surely this is to set up and establish a state of things 
requiring the abrogation of fundamental doctrines of economics. 
In the Mutiny year, and the two succeeding financial years, 
there were deficits on the Indian Budgets aggregating over 
Rs. 300,000,000. 

After Forty years of exclusively British Rule in India, and our 
popular convictions that we had been the regenerators and 
saviours of that country, we were this year startled and appalled 
to find that, through a partial failure of the crops in India, 
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80,000,000 of our fellow-subjects there were threatened by a 
scarcity that, according to the statements of the Government, if 
unrelieved, might involve 40,000,000 of them in death by 
starvation, and 40,000,000 of them in scarcity inimical to health, 
and that at a time when there was sufficient food in the country 
to feed the whole population at a cost of less than a penny per head 
per day of our money. There has also been an outbreak in India 
of the plague known as Black Death. In view of former know- 
ledge and existing experience, this plague cannot be disassociated 
from the poverty of the people. For its arrest and extirpation 
it appears to be more abundant diet, and not vaccination, that is 
necessary. 

In recent months we have had what have been called seditious 
riots in the Bengal and Madras Presidencies, seditious writing in 
other places, and the assassination of two British officers in Poona. 
These events gave rise to a measure of unrest and alarm among the 
European population in India, and to ourselves at home, which 
their gravity did not justify. In view of what was known in 
India and was feared in this country as to the economic position, 
the alarm was more explainable. Another calamity to India, but 
beyond our control, and for which we were therefore not answer- 
able, although it has been injurious to a number of people in India, 
was the earthquake that lately visited extensive districts. 

According to the 1891 Census of British India, which is 
exclusive of the inhabitants of native States imder British 
suzerainty, the population was 221,173,000, and adding to these 
figures one per cent, per annum, or 6 per cent, in all, for its 
estimated increase up to this date, we get with close approxima- 
tion 224,443,000 as the population to-day. 

What has been said in the foregoing is intended as introductory, 
to show historic environment affecting the existing economic 
position of the Government of India, and the economic position of 
its people to-day. 

Passing from the introductory, we naturally come to consider 
first the financial position of the Government of Incjia in its varied 
aspects. It is impossible to present these aspects in a simple form. 
The first difficulty is, that the accounts of what may be called the 
Home Office are kept in sterling money, while the accounts in 
India are kept in rupees, and there is no fixed relation between 
rupees and pounds ; they vary to one another almost daily. Again, 
the Budget estimates, prepared in Calcutta, are in their relation 
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to home charges, and partially, of the nature of cross-entries, or 
showing only one side of an account. Thus in the Budget esti- 
mates of 1897-8 (blue book, 193, pages 13, 58, 60) we find, "Expen- 
diture in India — Railways, Rs. 13,752,000;" " Revenues of India — 
Railways, Rs. 20, 682, 100.'' This would lead to the conclusion that 
railways in India showed a gain of Rs. 6,930,100 to the State. 
But that would be quite erroneous. By reference to a table at 
page 29 of the blue book, C8136, " Railways in India, 1895-6," 
we find the loss to the State upon railways amounts, for the period 
from 1858 to 1896, to the enormous sum of Rs.529,274,960. 
To get the result of running the lines, we have to turn to the 
Home Accounts, and find the charge for interest on the cost of 
the lines, together with the loss by exchange in remitting the 
same from Calcutta to London. Another diflSiculty in the way of 
a simple statement is that the information available in the many 
blue books is made up for difierent periods and at difierent dates. 

In the figures which follow, the sign Rx. is conventionally, and 
when not otherwise stated, taken to be the equivalent of the sign 
£. Thus Rx. 100,000 is conventionally taken as £100,000. 

The first point we consider is what may be called the National 
Balance Sheet of the Government of India. It is given at page 23 
of the blue book, 8169, "East India Accounts and Estimates, 
1896-97." There the assets and liabilities of the Government of 
India, at 31st March, 1896, are given as — 

In India. 



Liabilities. 
Debt, - - Rx. 103,782,000 
Other Obligations, 19,205,000 
Assets over Liabili- 
ties, - - - 25,453,000 



Rx. 148,440,000 



Assets. 
Railways, - - Rx.89,331,000 
Irrigation Works, 31, 109,000 

Loans to Corpora- 
tions, &c., - 11,499,000 
Cash Balance, - 16,501,000 



Rx. 148,440,000 



Liabilities. 



Debt, 



£115,904,000 



In England. 

Assetfi. 
Railways purchased, - £59,236,000 
Advances to Railway 

Companies, - - 5,608,000 
Cash Balance, - - 3,795,000 
Liabilities over Assets, 47,265,000 



£115,904,000 



£115,904,000 
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Calculating the excess of assets in India of Kx. 25,453,000 at 
Is. 3^d. per rupee exchange, gives £16,438,395. Deducting this 
amount from the excess of liabilities over assets in England — viz., 
£47,265,000 — we find that, as a going concern, India is "behind 
the world " by £30,826,000, after taking as good assets all the 
cost of State railways, irrigation works, loans to corporations, and 
advances to railway companies. It will be shown later that, 
owing to losses from exchange, the railways at present result in 
loss to the Government and not in profit. Therefore, viewed 
commercially, these railways are not a good asset as things stand. 
They are, in fact, a liability. In the balance sheet they represent 
£64,844,000, and Rx.89,331,000 at Is, 3^d. equal £57,692,937; 
together, £122,536,937. This is the enormously preponderating 
sum of what professes to be, but is not, the assets of the 
Government of India. Such accoimting recalls the balance sheets 
of the City of Glasgow Bank. In fact, in the commercial view, 
India is, as a going concern, behind the world by £153,362,937, 
and, in addition, should be debited with the capitalised value of 
what she has to pay yearly for railway gold debt in excess of 
what her railways return when exchanged into gold. 

It has further to be noted that the tendency of the Indian 
Government is to increase its expenditure in many directions, 
and that its avowed policy is to increase it upon railways. (Blue 
book, 193, page 170.) For this expenditure further gold debt 
must be incurred — rupee loans are impracticable at present for 
several reasons — and, if the rupee falls further in value, this will 
accentuate the position in which India at present finds herself 
financially. 

Pursuing our enquiry, we now consider the National Debt of 
India. (Explanatory memo, by Secretary of State for India, blue 
book, C8169, page 23.) Reduced to a sterling valuation, at Is. 3Jd. 
per rupee, the amount owing in India at 31st March, 1896, was 

Rx.122,987,000, = £79,429,104 

and the amount owing in England was - - - 115,904,000 



Together, - - £195,333,104 



The total debt of India in 1870 was £108,000,000 (Mulhall 
Dictionary of Statistics, page 134). In 1882 it had risen to 
£156,000.000, and in 1896 stood as above. This shows the average 
increase of India's debt to be at the rate of 3 '2 million pounds 
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sterling per annum over the past 27 years, or a total for the 27 
years of £87,000,000. 

Dividing the above debt of £195,333,104, at Is, 3Jd. per rupee 
= Rx.302,451,257, among the population of India, the amount 
per head — viz., Rs. 13/10/ — may strike the people of this country 
at first sight as unimportant. But all things are relative, and we 
must view India's debt having regard to the poverty of her people. 
This will be referred to later. 

Now turn to the Revemue and Expenditure of British India. 
The following figures are taken from a return, of date 5th March, 
1897, entitled " Return of the Net Income and Expenditure of 
British India, under certain specified heads, for the eleven years 
from 1885-6 to 1895-6" (Return to the House of Commons, No. 
110, 4th March, 1897, page 7). 

The Revenues of India are comprised under four heads, as 
detailed below, viz.' : — 





1885-6. 


1895-6. 


Land Revenue, &c. — Net Receipts, 


Rx.23,407,741 


Rx.27,472,381 


Opium, „ „ - 


5,884,325 


6,049,894 


Taxation, „ „ 


18,489,874 


29,627,357 


Miscellaneous, ,, ,, 


405,461 


392,453 


Excess of Expenditure over Income, - 


2,801,726 


• • • 




Rx. 48,187,401 


Rx.62,542,085 



These figures show that the increase of revenue from the two 
principal sources in eleven years is — 

Land Revenue Increase, Rx. 4, 064, 640 

Taxation „ 11,137,483 



Total, .... Rx. 15,202, 123 



That is an increase in the two great items of revenue of 36 per 
cent, in eleven years, but, deducting 6 per cent, for increase of 
population, leaves an actual increase of 30 per cent, per head 1 It 
is to be noted that this enormous increase of taxation over eleven 
years falls upon the people of India directly and wholly, and has 
no compensating money return that is appreciable by them. 
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Turning to Expenditwre of India, we find, from the same 
authority (Return 110, pages 12 and 17), that for — 

1885-6 it totaUed Rx.50,989,127 

1895-6 „ 61,008,087 



Increase, - - Rx. 10,018,960 



being an increase roughly of 20 per cent., less 6 per cent, for 
increase of population, equal to a net increase of 14 per cent, per 
head in eleven years. 

In connection with the foregoing, it is to be observed that in 
1887-8 the amount charged for Famine Relief and Insv/rance 
was but Ilx.376,607, while in 1881-2 the amount charged was 
Rx. 1,567,886. (Blue book, C 8169, page 12.) From this it is not 
unreasonable to conclude, that the charge has been fixed more by 
the exigencies of the Indian Government in adjusting its accounts, 
than by the necessities of the case and the policy laid down. For 
the past sixteen years the policy required that £24,000,000 should 
have been allocated to famine relief. Much less than that sum 
has been charged in the accounts, as follows : — 

Famine Relief, Rx.387,863 

Construction of Protective Irrigation Works, - - - 1,865,724 

Construction of Protective Railways, viz. , charged under 

Famine Relief and Insurance, 7,029,364 

Charged under Railway Revenue Account, - - - 4,033,934 

Reduction or Avoidance of Debt, 5,327,299 

Total, Rx. 18,644; 184 



I was in India at the time this famine relief policy was 
inaugurated, and I say that no one then anticipated any such 
disposal of the fund as this. Indeed, it was understood that the 
policy was adopted with the express purpose of creating a special 
fund which could not be thus diverted. At that time the Viceroy 
of India, Lord Lytton, said — '* The sole justification for the 
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increased taxation which has just been imposed upon the people 
of India for the purpose of insuring this country against the 
worst calamities of future famine, so far as an insurance can now 
be practically provided, is the pledge we have given that a sum of 
not less than a million and a-half sterling — which exceeds the 
amount of the additional contributions obtained from the people 
for this purpose — should be annually applied to it. We have 
explained to the people of this country that additional revenue 
by the new taxes is required, not for general purposes, but for the 
construction of a particular class of public works, and we have 
pledged ourselves not to spend one rupee of the special resources 
thus created upon works of a different character.*' 

To charge losses of railway revenue and reduction or avoidance 
of debt, to a special famine relief account, seem flagrant instances 
of unjustifiable accounting and unjustifiable practices. 

You will observe that the figures I have been putting before 
you all refer to years prior to the Indian financial year, which 
expires on the 31st March proximo. 

We will now consider the Financial position and prospects of 
India at the present time. 

The Budget estimate for 1896-7, is given in an explanatory 
Memorandum by the Secretary of State for India (C 8169, page 8). 
It states the estimated net revenue, i.e., less charges of collecting, 

at Rx.61,053,200 

Estimated net expenditure, - - - - 60,590,100 



Estimated surplus, - - Rx. 463, 100 



The foregoing has been arrived at after many important 
allowances pro and con, in comparison with the revised estimate 
of 1895-6. These cannot be entered upon here further than to 
point out that the considerable revenue derived from opium is a 
declining sum, which, under the disturbance of the exchanges 
between India and China, may soon reach the vanishing point. 

From blue book, 193, page 7, however, the "revised estimates" 
(which I take to mean the " actuals," as ascertained) work out 
to a deficit of Rx. 1,986,900. Tins is due mainly to expenditure 
and loss arising from the famine. Thus famine relief, estimated 
at Rx. 7 5,000, actually amounts to Rx. 1,876, 200. Land revenue 
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comes short by Kx.2,394,100, and there is a fall in railway revenue 
of E,x. 1,423,200. These falls are all attributed to the famine, 
and total no less than Ilx.5,693,500. They are partially counter- 
balanced by a fortunate gain in exchange of £1,459,500, and by other 
economies. Here we have no less than four items of the Budget 
estimates proving in error by sums ranging from Rx. 1,423,200 to 
Rx.2,394,100. Nothing could well illustrate better the parlous 
unreliability of the finances of the Indian Government. 

Turning to the financial position and prospects of India for the 
current financial year (i.e., 1st April, 1897, to 31st March, 1898). 
The Budget, as estimated (blue book, 193, page 12), works out to 
a deficit of Rx. 2,464,000. Doubtless these estimates were well 
founded, according to the information then available. It 
remains to be seen whether this was so or not. One thing, 
however, is plain ; no provision has been made for the enormous 
military expenditure, actual and prospective, on the north-west 
frontiers. 

What the extraordinary expenditure for the year 1897-8 will 
finally amount to I have no means of stating with authority in its 
support. That it will be very great cannot be questioned. An 
indication of the seriousness of the position is to be found in the 
fact that from the 1st September to the 15th December of this 
year the sale of Council Bills had to be stopped. Last year the 
sale of these bills for the same period amounted to Ilx.5,607,896. 
A further indication is that the following borrowings by the 
Indian Government have been made, viz. : — 



In London, 2^ per cent. Stock placed, 
Treasury Bills issued in 
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May, 


£3,500,000 


July, 


1,000,000 


September, 


2,500,000 


November, 


2,500,000 



Sterling Borrowings, - - - £9,500,000 

In India, Rupee Loan for Rx. 4,000,000 at Is. 3id. per rupee = 2,583,333 



1 

Total 'Borrowings this year, 



£12,083,333 



Further borrowing is anticipated. The sums borrowed in gold 
will, of course, have to be repaid in gold, and they will bear 
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interest in gold. At the exchange of Is. 3^d. per rupee, the 
capital borrowed represents Rx. 18, 709, 677 as one year's 
borrowing (no doubt a very exceptional year), in comparison with 
a revenue levied to a dangerous point, but estimated to produce 
only B.s.61,053,200, and a surplus over expenditure of but 
Rx. 463, 100. To this j&nancial position has to be added the fact 
that, on the 18th December of last year, by the issue of Govern- 
ment promissory notes in India, Rx. 2,000,000 were set free 
from the currency reserve. It is generally believed that Indian 
taxation cannot be further increased — that any attempt to 
increase it would not result in gain to the revenue. Therefore 
the financial position indicated by the foregoing must be a cause 
of deep anxiety. 

Rightly to comprehend the position, we must now consider 
The Poverty of India, and the total unfitness of its people to 
support any increase in the revenues raised by the Government 
from the people. 

Difierent estimates that I have seen, place the annual 
average income of the people of India between a maximum 
of Rs.27 and a minimum of Rs.20 per head. Taking these 
figures at Is. 3^d. exchange, we find the maximum in 
our money to be £1 14s. 10|d., and the minimum £1 5s. 
per annum. So far as I am aware, there is no such abject 
poverty as this in any other country which has a civilised 
government, and reckons by money and not by barter. It 
must not be overlooked that this is the average income. Some 
inhabitants, especially Europeans, have very much larger incomes 
than this; therefore there must be a larger number possessing 
smaller incomes. Accuracy in this estimate is, of course, impos- 
sible, but the larger figure has passed the review of Lords Lawrence 
and Mayo. Sir E. Baring, as Finance Minister of India in 1882, 
said that, though he was not prepared to pledge himself to the 
absolute accuracy of a calculation of this sort, it was sufficiently 
accurate to justify the conclusion that the tax-paying community 
was exceedingly poor. In comparison with it, he pointed out that 
in England the average income per head was then £33 (recently 
it has been stated at £42) ; in France, £23. The average annual 
income per head, as previously stated, was for average years. 
But the past has been much below an average year, and for it, 
possibly, the annual average income might be taken as low as 
about 20s., or as high as about 30s., of our money per head* 
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The average incomes for countries is arrived at upon a summa- 
tion of the total value of their productions, showing in gross all 
that thej have of a total product from all sources. When we 
roughly consider how vastly in excess of Rs.27 per annum are 
the payments for European service in India — say, from the Viceroy 
with Rs. 240, 000 per annum, to the humblest European soldier, 
and all the various classes of Europeans which lie between — some 
broad conception can be had, not only of the expenses of 
government by Europeans, but also of how the natives, who are 
alike supported out of the produce of the country, are likely to 
regard the riches of their alien governors in contrast with their 
own abject poverty. They are bom of the soil, and we are but 
dominarting fellow-subjects of the same Empress. Such dominance 
can only be justified by its advantages to the dominated. 

Much has been written of The Wealth of India in the paat^ but 
in an inexact way. Adam Smith records that the superabundance 
of food possessed by the rich there enabled them to purchase large 
quantities of the precious metals and precious stones, and the 
consequent importation of these into India. The more or less 
reliable data as to the "loot" secured by her conquerors, by the East 
India Company and other adventurers, and the tangible proofs still 
existing in notable and wonderful buildings erected in India in 
the past, give evidence, which cannot be overlooked, of the truth, 
in one form at least, of the aggregate wealth of the country. We 
know of, but cannot particularise, the former hoarded wealth of 
India in bullion and precious stones, and how that old method of 
preserving accumulated wealth has been handed down to the 
present day even among the poorest of the people. Akbars' 
wonderful tomb at Futtipore-Sikri still exists. It had the 
Kooh-i-noor diamond for an ornament, and the precious stones 
inlaid in tomb and temple testify to great riches. The " Indian 
Nabob " and " the wealth of India '* have been household words 
with us for generations. 

If this was the economic position of the country during the 
time when it was largely possessed by what we regard, and, I 
think rightly regard, not only as alien but as barbaric rule, also 
during the rule of the East India Company, and during British 
rule up till recently, the question faces us — why is it that, after 
over 240 years of rule largely British, and 40 years of rule 
wholly British, the economic position of India is such at the 
present day as the figures I have previously given indicate ? This 
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is a very vast and yital question. It is one which I have never 
seen put forward before. I state it now in the hope that its state- 
ment may lead to earnest and exhaustive inquiry into it by 
Parliament. Also that it may lead the scientists, as well as the 
electorate, of this country to consider and find the answer. It 
ought to be known whether financially India is advancing or 
retrograding under British rule. It ought to be known whether 
or not the Indian Government is approaching bankruptcy, and 
whether or not the people of India have already arrived at a 
position, in the instance of millions of them, under subsistence 
point. So far as I am aware, none of these things are authorita- 
tively known. What I have put forward are only indications of 
what may be the answer, but they are indications only, and not 
scientific answers. 

It is with vast diflSdence that I venture to mention some of the 
thoughts in my own mind, in explanation of what I fear is the 
terrible and increasing poverty of the people of India, and the 
dangerous financial position of its Government. 

It has been said by a Parsee gentleman, who for many years past 
has devoted himself to making plain the inequities afiiecting our 
great dependency, that, " without any intention or wish, and with 
every desire for the good of India, England has, in reality, been 
the most disastrous and destructive foreign invader of India; and, 
under present lines, unceasingly and every day continues to be 
so." 

What can lend support to such wholesale and sweeping con- 
demnation by a native gentleman enthusiastically loyal to Britain, 
who frankly recognises Britain's noble work there, and is so 
permeated by British education that any departure from the 
common lines of British thought must be antagonistic to all he has 
learned 1 

Seeking an explanation of this, we must consider the question 
from the native point of view. 

The educated, wealthy, and influential among our fellow-subjects 
in India see eye to eye with us as to the blessings British rule 
has conferred upon the people of British India, and they dread — 
probably even more than we do — any such conception as its being 
overthrown. But we do not see eye to eye with them as to the 
disadvantages to which the people of India are exposed by the 
same rule. Thus, the leaders of Indian thought recognise the 
advantages which the Universities set up in India have conferred 
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upon those Indian gentlemen, and there are thousands of them, 
who avail themselves of university teaching. These leaders point 
out that this education fits Indian gentlemen for the higher duties 
of life — as in the service of the State — that the Government hardly 
avails itself of these cheaper services at all ; T^ut, largely disregard- 
ing the Queen's proclamation of 1858, continues to crowd the 
Indian services, both civil and military, with highly-paid European 
officials. Native gentlemen point out that these British officials, 
while drawing their pay and pensions from India's revenues, 
spend large portions of their emolrmaents, not in India at all, but 
in En<yland. It is maintained, and can hardly be questioned, that 
this Bystem tends most seriously to the impoverishment of iLdia; 
and also, in a degree, to the enrichment of the mother country. 
British officers and soldiers in India are now receiving special 
increased pay to the gross amount of about £2,000,000 per annum 
to partially countervail the decreased exchange value of the 
rupee in Britain. It does not appear, however, to have been 
acknowledged by Government or its officials, either in India or at 
home, that prices in Brit^iin have experienced an enormous fall 
— a fall of 40 per cent, on wholesale prices — and that the emolu- 
ments of Government servants have not in any case been adjusted 
to this fall. 

The whole of the foregoing is a serious grievance in the case of 
qualified Indian gentlemen, who cannot find employment in that 
sphere for which their education qualifies them. It is also a 
national grievance in the aspect of European emoluments being 
so largely disbursed in England. 

The system must mean an economic disadvantage to India of 
many millions per annum, but of which no record is kept. In 
this connection let us look at what is called the " Home Accounts 
of the Government of India" As estimated for the year 1st 
April, 1896, to 31st March, 1897, they are given in a statement 
presented to the House of Commons, under date 13th May, 1897 
(No. 311, page 45, et seq.). I will not give you the lengthened 
summary of these payments, but I notice the principal of 
them : — 

Interest on Debt (excluding that charged to Railways) on 

Loaus contracted in England, £2,260,653 

Interest on Railways, 1,192,272 

Superannuation, Annuities, Pensions, and Allowances, ... 1,874,519 

Railway Revenue Account, 5,790,567 
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Army (EflTective), £1,844,748 

Army (Non-effective) — Retired Officers for Pay and Pensions, 2,368,852 

The foregoing, with other charges, give a total expenditure at 
home of £15,804,495, exclusive of expenditure on capital account 
for railways and irrigation works. 

The strain upon India which is represented by this annual with- 
drawal of her capital to be disbursed in another country must be 
a dominating disadvantage, alike to the Government of India and 
her people. 

Of other economic facts making against the financial position 
of the Indian Government, that which overshadows all others, at 
the present time, is, no doubt, the fall in the Exchange between 
India amd Great Britain, and — but in much smaller degree — 
the rise in the exchange between India and silver-using 
countries. 

In connection with this exchange question, it is useful to recall 
that Britain adopted the single gold standard in 1816. From 
Akbars' time, and up till 1837, silver and gold were, and had 
always been, money in India. In that year, however, an Indian 
law was passed making silver the only money and standard of 
value for British India. The reasons — I think them mistaken 
reasons — that led to setting up gold monometallism in Britain we 
are familiar with, but I do not know any reason why, twenty 
years thereafter, silver monometallism should have been set up in 
India. In 1851 Holland and Belgium demonitised gold, fearing 
its plethora. England, for the same reason doubtless, but later, 
endeavoured to reintroduce bimetallism into India. It was enacted 
that the British and Australian sovereign should be legal tender, 
and the coinage of Indian gold pieces of the value of Rs.lO each 
was begun in India. But the movement failed. Gold coin was/ 
not specially desired, and there was practically no gold coin in 
India sufl&cient to maintain the exchange of gold for silver on 
demand. Indeed, the attempt to introduce gold into India was 
regarded as an effort by the British Home Government to 
strengthen what was then feared was depreciating gold. India is 
bimetallic now by law, but at an inoperative ratio, as gold 
commands a much higher value in silver than silver now does in 
gold. 

Regarding Exchange, a most interesting table is given in a blue 
book, 8169, page 13. Without giving all the figures, I point 
out that — 
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In 1881-2 the Nett Sterling Expenditure 
of India was £14,029,700 

And the Loss by Exchange, - - - Rx.2,985,500 

In 1894-5 the Kett Sterling Expenditure 
having risen to 15,504,000 

The Loss by Exchange (in which was in- 
cluded payment and compensation to 
Soldiers and Officers on account of the 
fall in Exchange), was .... 14,615,300 

That is, while the Sterling Expenditure 

had increased but £1,474,300 



The actual Annual Loss to India, due to 



Exchange, had increased by per annum, Rx. 11,629,800 



In the last five years given in the statement, the total exchange 
loss to the Indian Government on its sterling expenditure, was no 
less than Rx.63,190,900— that is an average of Ex.12,638,150 
per annum ! ! 

But that is not all. The railway revenue of India gave, in India 
(C 8136, page 29), a return in rupees of from 6 J to over 5| per 
cent, on the capital cost of these railways j but the expense of 
paying in England the interest on gold borrowed there for railway 
construction is so heavy that the result of the railway revenue 
account is a burden on the Government of an actual loss, which 
amounted in 

1895-6 to Rx. 1,783,700 

The total exchange loss in railway account is 
given, as for — 

1894-5, 4,774,565 

1895-6, 4,333,700 

1896-7, 4,303,100 

While these railways now represent a serious annual loss to 
India, the gold capitalists in England who lent money for their 
construction continue to receive their full gold interest upon the 
outlay. Thus India is impoverished from the fact that all the 
profits arising upon her railways is absorbed to pay the interest 
due to British lenders upon the money borrowed to construct them. 
But more than that, owing to the fall in exchange, the gold 
interest also absorbs a large sum over and above all the railway 
gains. Of course, the enormous appreciation of gold gives the 
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holders of Indian gold debts an advantage which, at the time the 
loans were contracted, was neither foreseen nor intended by either 
the lenders or the borrowers. Equity calls for readjustment here, 
and the necessities of the case must apparently, under present 
circumstances, sooner or later, compel readjustment or repudiation. 

In 1873 some person or persons unknown obtained, by a trick 
played upon the people, Government, and President of the United 
States of America, the closing of the United States Mints to 
silver. It is in that action, with what has flowed from it since, 
is to be found the main cause of the financial position of the 
Government of India to-day. Clearly, had India's par of 
exchange with Britain been maintained as it was — other 
.circumstances being equal — the Government of India would to-day 
be in a strong financial position, and the people would not be 
exploited below sustenance point, as very many at present. I fear, 
undoubtedly are. 

For nearly twenty years, and up till a few weeks ago, the 
Government of India sought the rehabilitation of silver money for 
the world in the interests of India. To all these appeals the 
British Government at home turned a deaf ear, and, on one 
pretext or another, succeeded in nullifying the efforts made by 
foreign nations and by practically all scientific opinion in Britain, 
in this direction. The British Government at home and the 
Government of the Viceroy in India were in this matter, and till 
recently, at wide variance. In the month of March, 1896, however, 
the British Government, as represented by the unanimous vote of 
the House of Commons, by the ojQ&cial statements of the 
Chancellor of the Exchequer and the First Lord of the Treasury 
on behalf of the British Government, assumed a new attitude. 
It invited other nations to approach Britain for the purpose of 
rehabilitating silver as money, and made distinct promises of what 
it was prepared to do in the matter. America responded to the 
invitation, and sent special envoys to Europe with regard to it. 
The French Government warmly seconded the approach, and it 
was understood that the Emperor of Germany also approved. 
Thus all seemed in a fair way to the discussion, and possible 
settlement of the question. A few weeks ago, however, the 
Viceroy's Government made a volte face in a despatch, the 
foolishness of which, in view of the interests of India, cannot be 
fully explained here. To seek a gold standard, which necessarily 
requires gold for its establishment, by a country having its last 
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estimated annual surplus on balance of trade but Rx. 2 16,000 
(C 8169, page 21), and that has large foreign debt, as well as large 
foreign payments to liquidate in gold out of its silver revenues, 
that has also a vast silver currency in circulation at much over its 
bullion value, as well as hoards of bullion silver in the hands of 
its people, appears a chimera of the brain indicative of total 
unacquaintance with the science of money and with recent mone- 
tary history. If, and when, the Argentaurum Laboratory of 
America succeeds in the transmutation of silver into gold, it 
may then be possible to establish a universal gold standard and 
gold currency for the world and for India. 

But, stranger still, the British Government at home no sooner 
received the above despatch .than it closed negotiations with 
America and France, and did that with very scant courtesy. Thus 
it also made a volte face^ sacrificing its imperial policy, adopted so 
late as March last. Thus from overruling the Government of 
India, the British Government appeared to be overruled by that 
Government. 

These changes of policy by the Government of Great Britain 
and the Government of India, made within a few months, call for 
explanation and inquiry. This inquiry appears to be specially 
called for in view of the attitude of the small, but very influential, 
class that appears to dominate the British Government in this 
matter. Meantime the result of these changes has been to con- 
firm the dangerous financial position, more firmly than ever upon 
the Government of India, and upon the poverty-stricken subjects 
of that rule. In the ordinary course of events, this may ultimately 
reach either the innocent British taxpayer, or reach the holders of 
India's appreciated gold debt. Equity appears to point to the 
latter solution. It is the solution that has been forced upon other 
debtor countries, upon Australian banks, and kindred institutions. 
A third alternative is to allow the poorest of the Indian people 
to die of starvation while the product of their country, that should 
be used for their support, is exported to pay the interest upon 
what has become the unjust debt of their Government. That is 
an aspect of the question that has not had due consideration in 
the past. Were it fully understood in this country, it might 
arouse public indignation to a righteous, perhaps to a dangerous, 
point. We are still without information as to the famine and 
plague deaths in India. The economic position of India is only 
one aspect of the evils that have disordered all civilised countries 
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since the beginning of the new monetary policy for the world in 
1873. 

We all know that, on the Report of a Commission which 
examined witnesses, the Indian Mints were closed to silver on 
26th June, 1893. But the Commission was a farce — a trial 
after verdict. There was not a single witness who approved of 
the coarse adopted. 

Here was probably the greatest blunder against India ever 
perpetrated by responsible statesmen. Its effects on the trade of 
India are destructive, because it has, by law, made India's money 
uncertain and varying in international value almost daily, and has 
made it artificially scarce. Its scarcity enhances the loanable 
value of money to rates almost prohibitive of commerce at the 
export season. It encourages forgery. It has deprived India of 
a par of exchange with every other nation of the world, and so 
has upset her business with China, Japan, the Straits, and all 
countries in the East, and has not given her a par of exchange 
with gold in the West. It has given India an inflated and 
artificial currency, having its national value in Indian law, and 
which, while passing by law at far over its bullion value in India, 
is useless for international monetary payments at much over one 
half of its face value. The final point I mention in this connec- 
tion is, that for national payment it has brought the value of 
hoarded silver bullion and ornaments in the hands of the holders 
to a discount of, say, 30 per cent, less than the coined silver. 
Thus it has seriously disadvantaged every individual in India- 
preventing the famine-stricken availing of their savings to their 
full value for the purchase of food. 

To anyone who knows India and the terrible poverty of its 
people, the resulting jealousy with which the Indian people 
regard anything which injures or deprives them of their money — 
even to a trifle which the humblest in this country would hardly 
regard — is an economic fact readily comprehended. Again, the 
contentment of the people of India under foreign dominion is readily 
explainable by long centuries of similar experiences, and by their 
faith in the justice of the British Government. Then I ask you 
to consider what must be the effect of closing the Indian Mints 
upon the great mass of the people of India as regards their faith 
in British rule 1 It is a notorious fact that the people of India, 
not using banks or investments, as with us, and trusting the 
British Government, have hoarded their means in silver oma- 
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ments, relying in their time of need to recoin these ornaments into 
money again. Now they find they cannot be so coined ; that the 
Mints are shut against them ; and that tbeir hoards, reduced from 
potential money to an ordinary commodity, are only saleable and 
value for about two-thirds of the Government coin of which they 
are composed. Their ultimate value cannot be conjectured. The 
loss to the people of India on these accounts cannot be reckoned, 
but it may be guessed at many millions sterling. Under their 
disadvantages the people of India have remained loyal and true 
to us. It remains to be seen, when they comprehend this awful 
wrong done to them, how they will regard us and our rule. It k, 
probably, an economic strain to which wiser statesmanship would 
not have exposed them. 

It would be absurd to suppose that the people of India under- 
stand the subtle causes for the depreciation of their money and 
the transference of their wealth. But several native Indian 
economists now know it. Such knowledge is likely to spread very 
quickly. Influential and loyal gentlemen of India are writing 
upon the question in the home magazines ; but Professor Ghose 
expresses his fear to do so in the vernacular press of India. 

Summing up points in the economic position of India, it is a 
matter of fact that her people are under a government which they 
are helpless to guide or influence, and must obey. From what 
has been adduced in this paper, it seems reasonable to say — 

(1) That India has been exploited by her conquerors to the 

sustenance point and below it. 

(2) That recent governmental action has been suborned to 

the gold capitalists of this country — 

(a) By closing the Indian Mints. 

(b) By, for the second time, inviting the great nations to 

make proposals for currency reform, and treat- 
ing the proposals made with scant courtesy. 

(3) That in her National Balance account India is very 

seriously behind the world. 

(4) That her Eevenue from taxing her people has very 

seriously increased in recent years, and cannot be 
further added to, and that her present Expenditure 
must enormously exceed her present revenue. 

(5) That India's National Debt has grown, and is growing, 

in an alarming manner. 
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(6) That in so far as India's Debt has been borrowed in gold, 

its incidence has about doubled in the material wealth 
necessary to pay the annual interest upon it, and in 
the wealth to be given for its final redemption. 

(7) That India's money is artificial and not automatic ; and 

that it is divorced and separate from every other money 
in the world, so injuring India's foreign trade, •as well 
as subjecting her to enormous loss otherwise. 

If what is said in this paper are economic facts, fairly and 
justly, though but generally and imperfectly stated, the deduction 
appears to be that, even favoured with the abundant harvest of 
which there is prospect this year, and under normal circumstances 
for succeeding years, India stands in a position which may readily, 
if not certainly, become worse by the mere efflux of time, and is 
not likely to be improved thereby. The action of alien Govern- 
ments may make for her prosperity if, by alteration of their 
currency laws, they advance the international value of India's 
money, or they may injure her by the reverse act. Again, in- 
ternal circumstances, of which indication was given in an earlier 
part of this paper in referring to Bengal, Madras, and Poona, 
may plunge India's Government and people alike in financial chaos. 
In such circumstances the British Empire would receive unspeak- 
able injury. 

Finally, and to correct a very common misapprehension, let it 
be pointed out that, while the Government of India is apparently 
entitled to all credit for the wisdom displayed in dealing with the 
famine in that country, it must not be overlooked that the funds 
for that purpose have all been borrowed by, and have to be repaid 
by, India. This of course, is not true of the million pounds given 
by individuals in this country to the famine fund. The total of 
that subscription represents but 3d. per head to those who were 
actually starving in India, and when regarded in the light of the 
fact that India is now sending Britain, in payment of interest on 
her gold debt, nearly double the actual wealth in commodities 
which was intended by borrower and lender, the British sub- 
scriptions must be viewed rather as proof of parsimony and 
regardlessness than of large-hearted helpfulness and sympathy to 
our distressed fellow subjects. 

It is for the British Parliament and for economists to seek out 
the facts of the economic position of India. Something may result 
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from the enquiry now going on, but its constitution qualifies the 
hopes regarding it. It is for statesmen and governors to find the 
remedy for removable evils that may exist; and it is for the 
electorate of this country — which we all thankfully recognise as 
honest and just according to its knowledge — ^to see that states- 
men and rulers do their duty to our fellow-subjects in India in a 
spirit of fairness and equity. If this paper is helpful to these ends, 
it will fulfil its purpose. 
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IV. — A Contribution to the Chemistry of Coaly with special 
reference to the Coals of the Clyde Basin, By W. Cabbich: 
Andebson, M.A., B.Sc, Assistant to the Professor of 
Chemistry, Glasgow [Tniversity. 



[Read before the Society, 15th December, 1897.] 



CoNSiDEBiNG the advance that has been made during the last 
thirty years in the technical treatment of coal and the products 
of its destructive distillation, it appears somewhat remarkable 
that even at the present time so little should be known regarding 
the chemical nature of the bodies that go to constitute it. Apart 
from the value of coal itself as a fuel and as a reducing agent, its 
decomposition at more or less elevated temperatures gives rise to 
almost innumerable derivatives, and the subsequent treatment of 
these has in turn become the field of operation of extensive 
chemical industries. Many of the latter, although for the most 
part they date no further back than a single generation, have 
been, and are, among the most fruitful and profitable fields of 
chemical technology. 

But it is obvious that if such an important subject of investi- 
gation as the mother substances of the coal tar products has re- 
mained so long unelucidated, there must be some special reason 
to account for it. Such an explanation, and one more than 
adequate, is undoubtedly to be found in the extreme difficulty of 
gaining a footing from which to attack the problem, by reason of 
the insolubility of the great bulk of the constituent bodies in the 
ordinary chemical solvents and reagents. 

Hence it has been the practice of most of those who have 
investigated the chemical nature of coal to seek enlightenment 
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rather hj way of the products of decomposition than by attempts 
to separate distinct chemical compounds from the naturally 
occurring substance. Even by such methods, it mulst be admitted, 
comparatively little information has been gained, and nothing 
that can be viewed in the light of conclusive evidence as to the 
fundamental structure of the bodies in question. Yet it is safe 
to say that no complete and satisfactory solution of the great in- 
dustrial problems of coal distillation and coke-making can be 
hoped for, until some knowledge has been acquired regarding the 
nature of the substances which go to form the bulk of the class 
of minerals known collectively as coal. Only then can it be 
expected that the — even with all modern improvements — still 
excessive waste of the valuable nitrogenous constituent will come 
to an end,^ and that the manufacture of coke, a manufacture 
daily increasing in importance, but at present one of the most 
unscientific chemical industries of the world, can be put on a 
thoroughly satisfactory basis. 

It was in connection with the latter problem more particularly 
that I undertook the investigation upon which I have recently 
been engaged, some of the results of which it may be worth while 
at this stage to place on record. 

Although the scientific investigation of coal may be said to fall 
almost entirely within the last forty years, it had for long been a 
matter of common knowledge that the minerals included under this 
generic title varied in properties to an almost unlimited extent, 
and particularly so in respect of the physical character of the 
residues left on igniting them in absence of air. W. Stein 
(" Chemische und Chemischtechnische Untersuchung der Stein- 
kohlen Sachsens," 1857) was the first to show that two coals may 
possess practically the same composition and yet. give carbonaceous 
residues entirely different in character and quantity — the one 
yielding a true "coke," and the other only "sintering," or even 
leaving a loose non-coherent powder. (Percy, " Metallurgy," vol. 
1, " Fuel," p. 308.) 

Marsilly ("Annales de Mines," s. 5, 1867, xii., p. 347 et seq.) 



* cj. Knublauch (Jr. fiir Gasbeleuchtung, 38, 753-758 and 769-773; also 
Jr. Soo. of Chem. Jnd., 1896, pp. 106, 107), who gives as the result of dis- 
tilling WestphaUan coal: — 12-14 per cent, of the nitrogen converted into 
ammonia, not quite 2 per cent, into hydrocyanic acid, 30 per cent, as free 
nitrogen in the gas, and 60 per cent, left in the residual coke. 
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put forward the view that all caking coals from pits in which 
fire-damp occurs lose the property of caking on being heated to 
300" C, and that if subsequently ignited in a closed crucible in 
powder they will yield a pulverulent residue. This result, as well 
as the observed fact that the caking property deteriorates when 
coals are allowed to be exposed to air, Marsilly explained by 
ascribing it to the volatilization of matter upon which the coking 
property depended. 

Percy (op, cit,, p. 309) states that he has confirmed these 
observations by experiments on the strongly caking coal of New- 
castle, which, after exposure to a temperature of 300° to 304** C. 
for one or two hours, no longer swells up and cakes on ignition, 
but yields only a slightly fritted coke. H. Fleck, at the time 
assistant to Stein at Leipzig, and afterwards Professor at Dresden, 
came to the conclusion that the hydrogen in coal is partly united 
directly to the carbon and in part through the medium of oxygen. 
The former he designated "free" and the latter "combined 
hydrogen," and with the presence and relative proportion of the 
former he connected the property of caking and sintering pos- 
sessed by certain coals. This view was combated in 1871 by 
E. Richters, of the Mining School at Waldenburg, who ascer- 
tained that in general the yield of coke is diminished if the coal 
contains much oxygen, and especially if a large percentage of 
hydrogen is present. Richters further established the fact that 
coal on lying exposed to air, and still more on gentle heating, 
readily absorbs oxygen with increase of weight, and with libera- 
tion at the same time of carbonic acid and water. Richters' work 
will be found in " Zeitsch. f iir Berg-Hutten u. Salinen Wesen in 
Preuss. Staat," 1871, and "Dingler's Polyt. Jour.," vols. 119, 
193, 195; also in " Untersuchungen tiber die Veranderungen 
Welche die Steinkohlen beim lagern an der Luft Erleiden." 

In 1873 Gruner ("Ann. de Mines," 1873, p. 169; "Dingler's 
Polyt. Jour," 213, p. 244), as the result of a large number of 
analyses of coals from various localities, came to the conclusion 
that a definite relation existed between the proportion of oxygen 
and hydrogen in the coal, the percentage of coke residue left on 
ignition, and the physical properties of the latter, and this rela- 
tion, he believed, could be made a basis of classification. Such 
an assumption, however, the researches of Richters, Muck, and 
others have proved to be entirely unwarranted. The work of P. 
Muck, Professor of Chemistry in the Mining School at Bochum, 
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added considerably to the knowledge of the subject. The results 
are principal 1 7 contained in his *' Chemische Aphorismen uber 
Steinkohle," published in 1873; "Chemische Beitragen zur 
Keuntniss der Steinkohle," in 1876 ; and ^* Die Chemie der Stein- 
kohle," in 1881. With reference to the point of isomerism 
among coals, Muck showed by experiments upon the isomeric 
carbohydrates, starch, cellulose, and gum, that differences in the 
physical character and weight of the fixed carbon residue may 
be found in the case of other organic bodies of identical percentage 
composition besides coal. For the substances mentioned he found 
the following : — 

Starch. Cellulose. Gum. 

Fixed Carbon, h -30 % 6*71 % 20-42 % 

Residue — Fused, strongly Unfused, original form Denser and less lus- 
swollen. unchanged. trous than the 

former. 

Regarding the origin of the property of coking, Muck expresses 
the following opinion : — " The property of melting or not melting 
depends on the presence or absence of certain carbon compounds, 
regarding which further knowledge will never be obtained, least 
of all in the way of quantitative estimation." (" Chemie der 
Steinkohle/' 2nd edition, 1891, p. 25.) 

In 1874 Dondorff pointed out the existence in certain West- 
phalian gas coals of thin plates of a blackish substance possessing 
a reddish brown colour in reflected light, which dissolves almost 
completely in ether, forming a light yellow fluorescent solution. 
The quantity of this substance was very variable, and ranged 
from to '3 °/^ of the coal matter. Dana (*• Mineralogy," p. 745) 
and Muck (" Chemie der Steinkohle," 2nd edition, p. 66) refer to 
such soluble bodies, and differentiate between those extracted by 
various solvents. It may well be doubted, however, whether 
these bodies are anything more than mixtures. Other investi- 
gators in this line are P. Siepmann (" Preuss. Zeitsch. fiir Berg- 
wesen," 39, s. 27,1891); H. Reinsch(" Jr. fur praktische Chemie," 
1880 [2], 22, 188-191); P. Reinsch (Dingler's "Polyt. Journal," 
256, pp. 224-226); E. Guignet (" Comptes Rendus," 88, pp. 
590-592); and Watson Smith ("Jr. Soc. of Chem. Ind.," 1891, 
p. 975). 

On treatment with liquid oxidizing agents all coals, even 
anthracites, are converted with more or less completeness into 
dark brown or black lustrous bodies, sparingly soluble in water, 
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but very readily soluble in caustic alkalis, alkaline carbonates, 
and ammonia, forming intensely brown coloured solutions. 
These have been obtained by Schulze, of Rostock, by treating coal 
with chlorate of potash and nitric acid ; by Jacobsen (*' Chemisch 
technisches Repertorium," 1877) by the use of permanganate of 
potash and sulphuric acid ; and by R. J. Friswell (" Proc. Chem. 
Soc," 1891-92, p. 9) with dilute nitric acid. J. A. Smythe 
("Brit. Assoc. Committee's Rep.," 1896) has obtained chlorinated 
compounds of variable composition by treating coal with chlorate 
of potash and hydrochloric acid. Saville Shaw (Ibid,) treated coal 
for three weeks with a mixture of concentrated sulphuric and 
nitric acids, after which it was poured into a large bulk of water. 
The carefully washed and dried residue showed little change in 
outward appearance, but gave 77 °/^ of volatile matter on ignition, 
as compared with 27 °/^ in the original coal. 

On the general question the following papers and works may 
also be referred to ; — E. J. Mills' " Cumulative Resolution,'* (Phil. 
Mag., 1877); E. J. Mills' "Destructive Distillation," 1st edition, 
1877, 4th edition, 1897; Cross and Bevan, "Chemistry of Bast 
Fibres" ("Jr. Chem. Soc," vol, xli., pp. 90-110); and Schinnerer 
and Morawsky ("Ber. der deut. Chem. Gesell.," iv., p. 185). 

The coals in the upper part of the Clyde Basin series are 
entirely non-coking in character, and those lying between the 
position of the Palace Craig Ironstone and the Airdrie Blackband 
Ironstone are not used for coking purposes in any part of the 
district. 

The Ell Coal is a bright black coal with cubical fracture and a 
brownish coloured ash. It usually contains some hard ribs of 
Splint Coal and a portion of the seam is contaminated with 
nodules of iron pyrites (" brasses "). The vertical " backs " are 
usually filled with a thin layer of calcareous matter, which seems 
to have been deposited from solution in water. The coal is 
brittle and soon breaks up on exposure to the weather. It is a 
good household coal, and where found in its best condition the 
large coal is sold exclusively for this purpose. The small coal is 
a valuable fuel for steam raising. A few attempts have been 
made to manufacture metallurgical coke from the small coal, but 
they have not been successful. 

The Pyotshaw Coal is very variable in quality and thickness, 
is similar in character to the Splint Coal described below, but is 
much coarser in appearance and contains more ash. 
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General Section of the Clyde Coal Basin. 

Bed SandfltoneB. 
Palace Craig Ironstone. 
Upper Coal. 
EUCoal. 
Pjotshaw Coal. 



Non-Coking 



CoaU. 



Semi-Coking 



Coals, 



: 



strongly- 
Coking 
Coals. 






S 



!^ 






Main Coal. (A rib of Cannel Coal comes in 

here occasionally.) 
Humph Coal. 

Splint Coal. .Gras Coal in Hamilton district, 
virgin Coal. 

Position of Airdrie Blackband Ironstone. 

Virtuewell CoaL 

Kiltongue Coal. (A rib of Cannel Coal comes 

in here occasionally.) 
Upper Drumgray Coal. 

Lower Drumgray Coal. 

^ rru^^^ Q«««,» o««,^ ^ (An intrusive bed of 
I Three SSeams, some- 1 „vi„ ;„*«„« j«^«_i.„ 

time, more/seldom ^f" he fi^ a^aC^ 
J weU developed. J ^^^ ^^^^^ ,.y^^. 

ness variable.) 
Position of Slatyband Ironstone. 

Thick beds of Sandstone, 
with several beds of 
valuable Fire-clay. 

Limestone, Castleoary, &c. 

Sandstones. 

Limestone, Arden, &c. 
Hirst Coals. 

Hard Sandstones, with a 
few thin Coal Seams. 

Limestones, Index, Cow- 
glen, &c. 
Three or moreCoals,in-^ (An intrusive bed of 



whin is found in 
parts of the field at 
about this position, 
thickness variable) 



eluding Bannockbum 
Main, Kilsyth Haugh- 
ri^, Possil Main, and 
position of the Lesma- 
hagow Cannel. 

Sandstones and Shales, 
with thin Coals. 

Kilsyth Coking Coal. 



Sandstones and Shales, 
with thin Coals. 

" (On the northern limits 



Limestone and Coal, 
Hurlet, Hosie, &c. 



of the basin a thick 
bed of whin is found 
here.) 
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The Main Coal is a bright black coal with cubical fracture 
and a white ash. It contains, as a rule, three ribs of hard splinty 
coal of considerable thickness. In some districts a rib of Cannel 
Coal of fair quality is present, and over a large area the thickest 
splinty rib, called the *• pugs," is found to yield a fair quantity of 
gas of about 19 candle-power. The hard ribs are for the most 
part used for gas-making and the bright black coal is a fair 
household coal. The vertical " backs " are filled with a calcareous 
deposit as in the Ell Coal. The coal is very brittle and soon 
falls to pieces on exposure to the weather. This coal is never 
used for the manufacture of metallurgical coke. The portion 
used for gas-making, when distilled in the retorts, yields a soft 
friable coke of little value. 

The Splint Coal is hard and strong and possesses a dull blue- 
black colour. It splits easily along numerous beds parallel to the 
plane of stratification, but is difficult to break vertically except 
at the '' backs '' which, as a rule, are not numerous, so that this 
coal is got in large lumps, which do not readily fall to pieces even 
after exposure to the weather. It is chiefly used for smelting 
iron in blast furnaces and for gas-making. It is never coked. 

The Cannel Coal, that in the Hamilton district is found 
separating the Splint Coal from the Virgin Coal, is a hard brittle 
coal with smooth conchoidal fracture. There is usually a rib of 
. bright coal between the Splint and the Cannel which does not 
readily part from the latter, and the change from bright black 
coal to Cannel is not marked by a distinct line or bed of stratifi- 
cation, although the change is sharp. This seems to indicate 
that, whatever may have been the process by which these two 
qualities were produced, the change of conditions was sudden, but 
the process continuous. {Query — A change in the nature of the 
vegetable substance Vj 

Virgin Coal is a bright black coal, coarser and stronger than 
the Ell Coal. It is a fair household coal and is not used for 
coke-making. 

Virtue well Coal is similar in appearance to the Virgin Coal. 
In some districts it is a first-class house coal and is sometimes 
used to make an inferior quality of coke. 

Upper Drumgray Coal is, as a rule, a hard blue-black coal, 
suitable for furnace purposes. In the Slamannan district the 
intrusive whin seems to have materially affected the quality of 
this seam, converting it into a steam coal of very good quality. 



Mr. W. C. Anderson on the Chemistry of Coal, 79 

In many places the small has been used for coking purposes, and, 
where the action of the whin has not been excessive, it is a 
valuable coking coal. The near approach of the whin has in 
some places destroyed the coking properties and rendered the 
coal semi-anthracitic. 

The Lower Drumgray is a bright black coal, sometimes a first- 
class house coal, but always much softer than the Upper Drum- 
gray. Like the Upper Drumgray, it is altered in character by 
the intrusive whin, and the same remarks apply. 

The remaining seams above the Slaty band Ironstone are de- 
veloped to a workable extent only in the eastern portion of the 
Clyde basin, chiefly in the district between Shotts and Falkirk. 
Their quality is, as a rule, inferior, and they are subject to the 
above-mentioned action of the whin. At their best an inferior 
coke is made from the small. 

From the Slaty band Ironstone to the position of the Index 
Limestone the few coals which are found are inferior in qualitv. 

Below the Index Limestone is a group of coals of a strong 
coking quality, well developed and largely worked on the northern 
outcrop of the basin, but of little value on the south. The seams 
vary very much in thickness, and it is not possible to trace each 
one for any distance. All that can be safely aflirmed is that the 
Fossil Main, Kilsyth Haughrigg, Bannockburn Main, Kinneil 
and Wilsontown Main are the thickest seams of this group in 
their respective districts. In appearance they are all more or less 
alike. They are soft black coals of irregular fracture, easily 
affected by exposure to the weather, and have not the calcareous 
deposit mentioned above filling the fractures. Where the intru- 
sive whinstone is absent or remote, these coals will all make coke, 
the quality of which varies, but in general it is hard, with strong 
metallic ring, and much superior for metallurgical purposes to that 
made from the coal of the Upper Measures. Where the intrusive 
whin is near, the coking properties are destroyed, and the coal 
becomes semi-anthracitic, and in a few cases a true anthracite 
with glassy fracture is produced. 

Kilsyth Coking, or Banton Main, Coal is a well-defined 
position over a large area, but is best developed in the immediate 
neighbourhood of Kilsyth. The characteristics are similar to the 
above, and from it a first-class coke is made. 

In the investigations which I undertook, with a view more 
particularly to finding out points of difference in character and 
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reaction between coals which might be regarded as non-coking* 
and those which are true coking varieties, I experimented upon 
samples of the principal seams belonging to the upper and lowest 
divisions of the Clyde basin series, carefully selected for me bj 
Mr. Wallace Thomeycroft, of the Merryton and Flean Collieries, 
to whom I would here express my cordial thanks for much 
valuable assistance. I desire further to acknowledge the loyal 
co-operation of my friend Mr. James Roberts, of the University 
Laboratory, who from first to last has ably assisted me in carrying 
out these experiments. 

In the Clyde basin it may be generally affirmed that the 
coking property increases with depth, although this cannot be 
predicated as a constant feature of all coalfields. 

The subjoined tables give the ultimate and proximate analyses 

of the samples employed ; the relative stratigraphical position of 

the seams will be seen by referring to the preceding geological 

section : — 

Table I. 



Hydrogen, ... 
Carbon, 


EU 
CoaL 


Main 
Coal. 


SpUnt 
CoaL 


Gas 
CoaL 


Virgin 
CoaL 


Kilsjrth 
{Haugli. 


Bannock- 
bum ■ 
Main 
CoaL 


Kilnrth 

Coking 

CoaL 

Par cent 

5-20 
81-50 
7-53 
204 
1-72 
2-01 

100-00 


Per cent 

4-52 

71-88 

11-10 

1-53 

9-99 

-98 


Per cent 

4-98 
73-62 
9-50 
1-54 
9 08 
1-28 


Per cent 

4-82 
75-50 
8-71 
1-50 
7-27 
2-20 


Per cent 

5-54 
76-16 
7-52 
1-52 
5-56 
3-70 


Per cent 

5-10 

74-67 

8-62 

1-54 

7-77 
2-30 


Percent 

5-06 
80-67 
7-50 
1-84 
1-98 
2-95 


Per cent 

5-14 
82-80 
5-67 
1-89 
175 
2-75 

100-00 


Oxygen, 

Nitrogen, 

Moisture, 

Ash 


*"■*"*> •••••• 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



Table II. 

COHFOSITION OF ABOVE COALS CALCULATED ON DBDSD SAMPLES. 



Hydrogen, ... 
Carbon, 


EIL 


Main. 


SpUnt 


Gas. 
Per cent 

5-87 
80-63 
7-97 
1-61 
3-92 


Virgin. 


Kilsyth 

Haugh- 

rigg. 


Bannock- 
bum 
Main. 


Kilinrth 
Coking. 


Per cent 

5-02 

79-87 

12-33 

1-70 

1-08 


Per cent 

5-47 

80-97 

10-45 

1-71 

1-40 


Per cent 

5-20 
81-42 
9-39 
1-62 
2-37 


Per cent 

5-53 
80-97 
9-34 
1-67 
2-49 


Per cent 

5-16 
82-30 
7-65 
1-88 
301 


Percent 

5-23 

84-28 
5-77 
1-92 
2-80 


Percent 

5-29 
82*93 
7-66 
2-08 
2-04 


Oxygen, 

Niteogen, 

Ash 


*"*"*> 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



* In this paper I use the term " non- coking" as meaning nothing more 
than that such coals are not capable of being employed for the manufac- 
ture of metallurgical coke. As a matter of fact, all the coals referred to 
above '' coke" to the extent of giving coherent residues on ignition. 
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Table III. 

COMPOSITION OP THE DRY ASH-PBBE GOALS, CALCULATED PROM THE POREGOINO. 



Hydrogen, .. 

Carbon, 

Oxygen, 

Nitrogen, 



EIL 



Per cent 

507 
80-74 
12-47 

1-72 



100-00 



Main. 



Per cent 

5-56 
82-13 
10-59 

1-72 



100-00 



Splint 



Percent 

5-32 

83-41 

9-62 

1-65 



100-00 



Gaa. 



Per cent 

6-11 

83-92 

8-29 

1-68 



100-00 



Virgin. 



Per cent 

5-67 

83-03 

9-59 

1-71 



100-00 



Kilsyth 

Haugh- 

rigg. 



Per cent 

5-32 

84-86 

7-89 

1-93 



100-00 



Bannock- 
burn 
Main. 



Per cent 

5-38 

86-70 

5-94 

1-98 



100-00 



Kilsyth 
Coking. 



Percent 

5-40 
84-67 

7-82 
211 



100-00 



Combined* \ 
Hydrogen, / 

Disposable \ 
Hydrogen, / 

■p ,. Disposable H 
■KawO 1000 Carbon 



1-56 


1-32 


1-20 


1-04 


1-20 


•98 


•74 


3-51 


4-24 


4-12 


5-07 


4-47 


4-34 


4-64 


43-47 


51-62 


49-39 


60-41 


53-84 


51-15 


53-50 



•98 

4-42 
52-20 



Table IV. 

PROXIMATE ANALYSES OP THE ABOVE SAMPLES. 



Moisture, 

Ash, 

Volatile ) 
Matter, ) 
Fixed Carbon, 


Ell. 


Main. 


SpUnt 


Gas. 


Virgin. 


Kilsyth 

Haugh- 

rigg. 


Bannock- 
burn 
Main. 


Kilsyth 
Coking. 


Per cent 

9-99 
•98 

33-33 

55-70 


Per cent 

9-09 
1-28 

35-84 

53-79 


Per cent. 

7-27 
2-20 

36-22 

54-31 


Per cent 

5-56 
3-70 

38-25 

52-49 


Per cent. 

777 
2-30 

33-53 

56-40 


Per cent 

1-98 
2-95 

32-55 

62-52 


Per cent 

1-75 
2-75 

27-40 

68-10 


Per cent 

1-72 
2-01 

28-45 

67-82 


100-00 


100-00 


100-00 


100-00 


100-00 


10000 


100-00 


100-00 



Table V. 

SPECIPIC ORAVITIES AND CALOBIPIC VALX7ES. 



Sp. Gravity, 
CalorificValue 
(Thompson's 
Calorimeter) 


Ell. 


Main. 


Splint 


Gas. 


Virgin. 


Kilsyth 

Haugh. 

rigg. 


Bannock, 
bum 
Main. 


KilsTth 
Coking. 


1^266 
-7480 


1^261 

7590 


1-292 
7425 


1^290 

7370 


1-286 
7480 


1^291 
7535 


1^306 
7865 


1^275 
7810 



* These relations have been founded upon as affording a constant and well- 
marked distinction between coking and non-coking coals. It is true that gener- 
aUy, in coking coals, the percentage of, so-called, combined Hydrogen (= ??^) 
is lower than in non-coking ; but it will be obvious, from a comparison of these 
figures with those in Tables IV. and VI., that no reliance can be placed upon 
such data as an index to the degree of coking power, or even to the percentage 
yield of '* fixed carbon." 

Vol. XXIX. F 
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For the purpose of obtaining a comparative estimate of the 
caking power of these coals I employed the simple test given by 
M. Louis Campredon, which consists in igniting one grm. of the 
coal with the largest quantity of fine white sand which it is 
capable of binding into a mass that just coheres. The weight of 
sand in grammes is the '^caking index." Tested in this way the 
samples gave the following results : — 



Table VI. 



Caking Index, 


EIL 


1 
Main. Splint 


Gas. 


Virgln. 


Kilsyth 

HauRh- 

rigg. 


Bannock- 
burn 
Main. 


KUsTth 
Coking. 


4+ 


4 3-5 


3-5- 


4 


9+ 


15-5 


16 + 



The last three are true caking coals, and are all used for the 
production of high-class foundry coke. In the crucible they give 
strongly-swollen, hard, metallic-looking ** cekes." The Main 
and Ell Coals give slightly swollen coke residues in the crucible, 
while the residues from Splint, Gas, and Virgin are flat or slightly 
concave cakes of less bulk than the original coal. None of these 
is anywhere employed for coke-making. 

Extraction imth Solvents, — In the endeavour to find some 
difference between the two classes of coking and non-coking coals, 
recourse was had in the first instance to the use of solvents. 
After some preliminary trials, it was resolved to extract fii*st of 
all with cold gasoline, and afterwards to further treat with cold 
carbon disulphide. In the first case the dried samples (20 grms.) 
were left in contact with 200 ccs. of the solvent for six days with 
frequent shaking. The gasoline solutions were of a pale yellow 
colour with strong blue fluorescence, and on evaporating oflf the 
solvent the residual extracts were found to be almost completely 
volatile at 99** C. The extracts were pale yellow oils similar to 
one another in appearance, except that from Bannockbum Main 
Coal which was darker in colour and more viscous. 

The samples freed from gasoline were allowed to remain in 
contact with cold carbon disulphide (200 ccs.) for ten days. The 
solutions were of a dark yellow colour with faint greenish 
fluorescence, and, on evaporating off the solvent, dark -brown solid 
bodies were left, which possessed a distinctly resinous odour. 
These extracts were only slightly volatile at 99° C, 
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Table VII. 



Sample. 



EU, 

Main, 

Splint, 

Gas, 

Virgin, 

Kilsyth Haughrigg, 
Bannockbum Main, 
Kilsyth Coking, 



Wt. of Gaso- 
line Extract 
after 1| hours 
at 99<>. 



•878% 
•851 
•620 
•498 
•584 
•524 
•453 
1^355 



Wt of Oaso. 

line Extract 

after 7i hours 

at 99«. 



•071% 

•141 

•046 

•105 

•061 

•048 

•150 

•062 



II 



Wt. of CS, 

Extract after 

1^ hours 

at 990. 



•448% 

•659 

•468 

•537 

•497 



•881 
•466 



WtofCS, 

Extract after 

7i hours 

at 990. 



b 
II 



•428% 

•609 

•445 

•518 

•477 



•699 
•402 



TOTAL EXTBAOTED MATTER (GASOLINE AND CS,). 



Ell, 1^326% 

Main, 1*510 1, 

Splint, 1*088 II 

Gas, 1*035 II 



Virgin, l^OSl % 

Haughrigg ,.. — 

Bannockbum Main, 1*334 n 
Kilsyth Coking, 1*821 „ 



The bodies thus obtained are doubtless similar in character to 
those obtained by Muck, Siepmann, and others ; but as it was 
found that they were not present in greater quantity in coking 
coals than in non-coking, and that, moreover, their removal 
exercised little, if any, deteriorating effect upon the coking pro- 
perty, the investigation of them was not pursued further. 

Treatment with Caustic Potash, — A. grm. of each of the coals 
was boiled for one hour with 100 ccs. of a 5 '/^ solution of caustic 
potash, and the residue filtered off and carefully washed till free 
from alkali. In the case of Ell, Main, and Virgin Coals the 
filtrate was dark coffee-brown in colour, and from it a small 
quantity of a brown humus-like substance was precipitated on 
acidifying. . Splint and Gas Coals gave a pale amber-coloured 
filtrate, while the true coking coals gave only the faintest trace 
of colour, more distinct in the case of Haughrigg than in the 
other two. 

On igniting these extracted samples in a closed crucible in the 
usual way, it was found that in the case of the first five all ten- 
dency towards cohesion had disappeared, and the residues were 
loose, dull, earthy-looking powders, several per cents, higher in 
weight than the " cokes " got from the dry untreated coal. In 
the case of the three coking coals, boiling for even three hours 
with 5 °/^ caustic potash appeared to cause very little deteriora- 
tion in the coke, 
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Treatment tvith Nitric Acid, — Having found that boiling with 
dilute potash gave different results (colour of solution and condi- 
tion of coke residue) with different coals, recourse was had next 
to nitric acid. Two grms. of the dry coal were mixed with 25 
CCS. of nitric acid (sp. gr. 1 -4) in a small beaker packed in cotton 
wool, and the rise in temperature noted. In each case the rise 
ceased in about seven minutes; in the case of Main in five minutes. 

Table VIII. 



Degprees Rise. 

EUCoal,... 17-00 C. 

Main, 1775 .. 

Splint, 13-50 n 

Gas, 13-25 .. 



Degrees Rise. 

Virgin, 15-25 C. 

KUsyth Haughrigg, 17-00 n 

Bannockbum Main, 17'00 » 

Kilsyth Coking, 17*00 



II 



One grm. of each coal was evaporated to dryness with 20 ccs. 
of dilute nitric acid (sp. gr. 1 -2) on a water bath, and the residue 
dried at 105° C. till constant. In each case a gain in weight 
was recorded, but these differed considerably in amount. 

Table IX. 



Ell Coal, 

Main Coal, 

Splint Coal, 

Gas Coal, 

Virgin Coal, 

Kilsyth Haughrigg Coal, 

Bannockbum Main Coal, 

Kilsyth Coking Coal, 

Bannockbum Main Coal, after previous^ 
partial oxidation in air till coking power j- 
nadbeen completely lost, J 



Increase in Wt. - 


Per cent, of 


per cent. 


Dry Coal. 


10-33 


11-47 


9-52 


10-47 


16-61 


17-91 


15-42 


16-33 


1217 


13-19 


18-16 


18-53 


23-31 


2373 


23-10 


28-51 


9-98 


9-98 



Oxidation of Coal. — The researches of Richters proved that 
there is present in coals a constituent capable of undergoing easy 
oxidation, especially at slightly elevated temperatures. This 
oxidation causes the coal to increase in weight so long as it is 
carried on below a limit which in the generality of cases may be 
put at about 190° C, beyond which point the volatilization of certain 
constituents causes usually a nett loss in weight. The following 
results will show to what extent this takes place in a coking and 
non-coking coal. In each case one grm., in a finely powdered con- 
dition, was heated in a porcelain crucible packed in asbestos within 
a larger one of metal. 
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Table X. 



Bannockbum Main Coal 


Heated for 4 hours 

at 800O C. 

Loss. 


Residue Ignited. 
Further Loss. 


44-02% 
56-98% 


12-50% 
8-40^7 


Gas Coal, 




WW WW /Q - 1^ 


Bannockbum Main Coal 


Heated for 4 hours 

at 260« C. 

Loss. 


Residue Ignited. 
Further Loss. 


17-08% 
31-82 % 


25-94% 
18-46 % 


Gas Coal, 




■RannoftVbiim Mftin Coal,.., 


Heated for 4 hours 

at 200P— 2050 C. 

Loss. 


Residue Ignited. 
Further Loss. 


3-94% 
14-84 % 


28-06% 
31-00% 


Gas Coal, 




Bannockbum Main Coal, 


Heated for 1 hour 

at 160« C. 

Gain. 


Weight of Residue 

left on 

Ignition. 


1-98% 
-90% 


78-02% 
59-96% 


G*s Coal 





Bannockbum Main Coal heated for 33 hours in an air-bath at 
115** to 120° C. showed a gain in weight of 1*96 **/^. The weight 
of the residue left on ignition was 75*66 °/^. 

The ignited residues from both Bannockbum Main and Gas 
Coal after these had been heated for four hours at 300** C. cohered 
below, but were in the form of loose dull powder above. In the 
other experiments the residues left by both were loose powders 
without any trace of cohesion, even when the previous heating 
was only for one hour at 160° C. The gases given off on ignition 
in these cases were non-luminous, and the residues showed on the 
surface a thin layer of finely-divided carbon in the form of small 
rods, apparently resulting from the decomposition of a complex 
carbon compound. 

In order to make certain that this loss of coking property was 
due only 10 oxidation, and was not a result induced by simple 
heating at comparatively low temperatures, the experiment was 
repeated with Bannockbum Main Coal at 160**, in an atmosphere 
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of carbon dioxide. Two experiments gave, instead of a gain as 
above, losses of 1*77 °/^ and 1*85 */^, and the residues on ignition 
left a bright silvery coke, similar to those got from the original 
coal, and weighing 74*5 °/^ of the heated sample. Similar results 
were got with Kilsyth Coking and Kilsyth Haughrigg Coals. 

To show the rate at which this oxidation proceeds, the follow- 
ing results of heating one grm. of powdered Bannockburn Main 
Coal in an air-bath at 140** to 150° may be cited: — 

Table XI. 

BANNOOKBUBN MAIN GOAL HEATED IN AIR AT 140^-150^ 0. 
Time. Gain in Weight. 



In firnt 7 hours, .... 
In next 22 hours, . 
In next 26^ hours, 
In next 42^ hours. 
In next 47 hours, . 
In next 57 hours, . 



1-012% 
1-335,, 
•857,, 
•874 „ 
•621 „ 
•467 „ 



Total, 202 hours. Total Gain, 5166 % 

The effect of this oxidation upon the composition of the coal is 
seen below : — 

Orifl^inal Composition of Coal. After Oxidation as abore. 

Hydrogen, 5 39% 4-49% 

Carbon, 8670,, 78-16,, 

Oxygen and Nitrogen,... 7^91 „ 17*35 „ 

100-00% 100-00% 

The fixation of oxygen is accompanied by an evolution of 
carbon dioxide and water. A comparison of the rate at which 
both processes go on at different temperatures was made by heat- 
ing samples of Bannockburn Main Coal at 99° C. and at 160* C, 
with the following result : — 

Table XII. 

dry bannockburn main coal, heated for 54 hours at 99® 0. 
(weight ob^ sample, 2*7605 grms.) 



Time. 


Gain in Wt. of Sample. 


HjO produced. 




CO2 produced. 


First 6 hours, .... 


.. - -0049 grm. 




+ -0035 grm. 




. + '0008 grm. 


Second 6 hours, . 


.. - -0030 „ 




+ -0156 „ 




+ -0004 „ 


• Third 6 hours, .... 


.. + -0020 „ 




+ -0076 „ 




+ -0006 „ 


Fourth 6 hours, . 


.. + -0038 „ 




+ -0124 „ 




+ -0000 „ 


Fifth 6 hours, .... 


.. - -0046 „ 




+ -0106 „ 




. + -0016 „ 


Sixth 6 hours, .... 


.. - -0008 „ 




+ -0062 „ 




. + -0014 „ 


Seventh 6 hours. 


... + -0016 „ 




+ -0074 „ 




. + -0014 „ 


Eighth 6 hours, . 


.. - -0012 „ 




+ -0170 „ 




+ -0020 „ 


Ninth 6 hours,... 


... - -0068 „ 




+ -0096 „ 




. + -0010 „ 


Total, 54 hours. Nett Loss, *0139 grm. 


H2O — -0896 grm. 


C 


O2 - -0092 grm. 




= •503% 




— '01 grm. H 




— •0026 grm. 0. 
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The residue on ignition gave a good strongly swollen coke, 
weighing 73-36 7„. 

Table XIII. 

DBT BANNOOKBUBN MAIN OOAL, HEATED FOB 60 HOURS AT 160^ 0. 
(WEIGHT OV SAMPLE, 2*6910 GRMS.) 



Time. 


Gain in Wt. of Sample. 


HjO produced. 


GO, produced. 


First 6 hours, ... 


.. + -0191 grm. 


•0196 grm. 


•0052 grm. 


Second 6 hours, 


... + "0210 „ 


•0350 




•0136 „ 


Third 6 hours, ... 


... + -0140 „ 


•0240 




•0174- 




Fourth 6 hours, 


... + -0118 „ 


•0166 




•0090 , 




Fifth 6 hours, ... 


... + -0128 „ 


•0188 




•0132 , 




Sixth 6 hours, ... 


... + -0090 „ 


•0194 




•0104 , 




Seventh 6 hours. 


... + -0062 „ 


•0176 




•0094 , 




Eighth 6 hours. 


... + -0080 „ 


•0186 




•0104 , 




Ninth 6 hours, . . . 


... + -0030 „ 


•0160 




•0122 , 




Tenth 6 hours,... 


... + -0034 „ 


•0166 




•OHO , 





Total, 60 hours. Total Gain, '1083 grm. Tl.HaO= '2022 grm. T1.C0,= '1118 grm. 

= 4^025 % = ^0224 grm. H = ^0305 grm. C. 

The residue when ignited did not coke, but left a loose dull 
powder, weighing 74*08 '/o- 

The experiments described above with caustic potash and with 
nitric acid, as well as the calorific values and coking indices of the 
coals, suggested that they may be divided into three classes — the 
first represented by Ell and Main, the second by Splint and Gas, and 
the third by Bannockburn Main and Kilsyth Coking Coal. The 
Virgin Coal seemed to stand midway between the first and second 
classes, and Kilsyth Haughrigg between the first and third. The 
percentages of nitrogen found in the samples appeared further to 
support this view. In the endeavour to ascertain how far it was 
correct, it appeared possible that some light might be got by 
carrying out the oxidation of the coals to the limits represented 
by their ceasing to gain in weight, and afterwards determining the 
composition of the products. Richters (" Dingler's Polyt. Jr.,'* 
195, p. 315) showed by his experiments that this gain in weight 
goes on up to a point beyond which a slight decrease is noted, and 
then the weight remains apparently constant. In the specimens 
which he employed he found that the maximum weight was 
reached after 20 hours heating at 180°-200' C. In carrying out 
the operation upon the above-mentioned samples, we found that 
the oxidation went on very rapidly during the first 12 to 24 hours, 
but that thereafter a slow increase in weight continued for a long 
time, and that the period required to complete the process (and 
also the increment in weight) varied greatly in the different coals. 
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Table XTV. 

nuhbbb of houbs bkquibed fob oxidation and nett gain in 

weight of goals. 



Hours required to^ 
complete Oxida- - 
tion, I 

NettOftininWeightl 
of Goal per cent., / 


KU. 


Main. 


SpUnt 


Gm. 


Virgin. 


Kilqrth 

Haugfa- 

rigg. 


Bannock- 
bom 
Main. 


KiliTth 
Ookinc 


47 
4-15 


40 

3-95 


35 
3-92 


33 
8-82 


49 

4-23 


49 
5-13 


78 

6-44 


112 

6-79 



The composition of the resulting oxidized products is seen 
from the following table. In each case the coal was ];ieated for 
six hours after the increase in weight had ceased: — 

Table XV. 

OOMFOSinON OF BODIES GOT BY OXIDIZING GOALS IN AIB AT 180^-190^ 0. 

TILL GAIN IN WEIGHT HAD OEASED. 



1 

Hydrogen, ... 
Carbon, 


KU. 


Main. 


Splint 


Gai. 


ViiSin. 


Kllijrth 

Hauffh- 

rigg. 


Bannock- 
bum 
Main. 


Kilnrth 
C^ng. 


Per cent 

3-92 
71-44 

23-54 

1-10 


Per cent 

3-95 
71-19 

23-53 

1-33 


Percent 

4-35 
74-33 

1904 

2-28 


Percent 

4-45 
71-84 

19-96 

3-75 


Percent 

3-97 
71-67 

22-34 

2-02 

100-00 


Percent 

3-88 
71-36 

21-80 

2-97 


Percent 

8-90 

75-84 

17-75 
2-51 


Percent 

3-90 
74-75 

19-60 

1-75 


Oxygen and\ 

Nitrogen, J 

Ash, 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 


100-00 



Table XVI. 

COMPOSITION OF ASH-FBEE OBGANIO MATTEB IN ABOVE BODIES. 



Hydrogen, ... 
Carbon, 


KIL 


Main, 


Splint 


Gai. 


Virgin. 


KUiyth 
rigg. 


Bannock- 
bum 
Main. 


SlSn^ 


Percent 

3-97 
72-23 

23-80 


Percent 

4-00 
7215 

28-85 


Per cent 

4-45 
76-07 

19-48 


Percent 

4-63 
74-63 

20-74 


Percent 

4-05 
73-15 

22-80 


Percent 

4-00 
73-53 

22-47 


Percent 

4-00 

77-79 

18-21 


Percent 

3-97 
76-08 

19-95 


Oxygen and\ 
Nitrogen, J 


100-00 


10000 


100-00 


10000 


100-00 


100-00 


100-00 


100-00 



ProdiLcts of Oxidation with Nitric Acid, — In order to examine 
further the difference between these classes of coal substances 
by the method of oxidation, an attempt was made to prepare, in 
a partially purified condition the brown acid bodies got by acting 
on Ell, Splint, and Bannockburn Main Coals with nitric acid. 
About five grms. of each were evaporated to dryness over the 
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water bath with 200 ccs. of nitric acid (sp. gr. 1*2), the residue 

dissolved as far as possible bj ammonia, and the filtered solution 

reprecipitated hj hydrochloric acid. This process was repeated, 

and the insoluble acids were frequently washed by decantation. 

The bodies thus obtained are insoluble in water containing mineral 

acids or salts in solution, but are fairly soluble in pure water. 

They were afterwards thrown on a filter, washed as far as possible 

with water, and finally dried for some days at 105° C. The acids 

from all three coals contained nitrogen, and had the following 

composition : — 

Table XVII. 

OOHFOSmON OF AOn> BODDES PBEPABED FBOM COAL WITH NITBIO AOn>. 



Hydrogen, 

Carbon, 

Oxygen and Nitrogen, 
Ash, 



EU Acid. 



315% 

58-45 „ 

87-87 „ 

•53 „ 



100-00% 



SpUntAdd. 



3-20% 
62-31 „ 
3314 „ 

1-35,, 



100-00% 



Bannockbum 
Main Add. 



3-33% 

62-64 „ 

33-40 „ 

•63,, 



100-00% 



Table XVIII. 

COMPOSITION OF OBGANIO MATTEB IN ABOVE. 



Hydrogen, 

Carbon, 

Oxygen and Nitrogen, 



£11 Add. 



3-17% 
5876,, 
38-07,, 



100-00% 



Splint Add. 



3-24% 
63-17 „ 
33-59 „ 



100-00% 



Bannockbum 
Main Acid. 



3-35% 
63-05 „ 
33-60 „ 



100-00% 



Effect of Heat on the Coking Property. — Percy ("Metallurgy," 
vol. 1, "Fuel," pp. 308-309) quotes an assertion of Marsilly {he, 
cit) to the effect that "all caking coals from pits in which fire- 
damp occurs cease to swell up and cake when they have been 
previously heated to 300' C. ; so that when they are heated to 
redness in a covered crucible in the state of powder, after having 
been heated to 300' C, they will be found in the state of powder 
afterwards." The correctness of this assertion, he states, he has 
confirmed with respect to the strongly-caking coal of Newcastle- 
on-Tyne. " The powder of this coal was heated in the hot-air 
bath at a temperature varying between 300' and about 304' C. 
It may be thus heated for about a quarter-of-an-hour without 
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sensiblv losing its property of swelling up and caking ; but when 
it is kept exposed to this temperature during one or two hours, it 
does not swell up when subsequently heated to redness, and yields 
only a very slightly fritted coke." 

Marsilly infers that the loss of the caking property which takes 
place when coal lies exposed to air for a lengthened period, and 
also when it is subjected to the action of heat under 330° during 
a short time, is due to the same cause, viz., volatilization of 
matter upon which the coking property depends. 

Now it has been shown above that, if precautions be not taken 
to exclude air from contact with the coal, a temperature very 
much lower than 300° C. suffices in one to two hours to destroy 
completely any tendency towards caking in such high-class coking 
coals as that of the Bannockburn Main Seam and Kilsyth Coking, 
but that this is not due to volatilization of the constituent which 
conditions the caking, but to its oxidation. It does not appear 
that either Marsilly or Percy took such precautions, and there- 
fore the chief agent at least in producing the results they 
observed was, in all probability, atmospheric oxygen. To test the 
assertion further, however, samples of the above coals, coking 
and non-coking, were subjected to a temperature of 297° — 304° C. 
for three hours in a U tube, through which was passed a slow 
current of dry carbonic acid gas. The results are tabulated 

below : — 

Table XIX. 

RESULTS OF HEATING COALS TO 300<* C. IN CARBONIC ACID. 



I 



Percentage loas of 
dry coal on heat 

ing, .; 

Wt. of residue'^ 
after ignition 
(residue at 300«* 
C. =100), 

Wt. of ignited re- 
sidue from dry 
coal, 

Increase, 



} 



Physical condition^ 
of ignited residue 
from coal heated 
to 300®, 



EU. 



127 



71-18 



62-97 



8-21 



A consid- 
erable part 
in form of a 
dull earthy 
coke; the 
rest in 
powder. 



Main, 


Splint 


Gas. 


16-2 


16-2 


21-8 


74-56 


73-43 


79-68 


60-60 


60-94 


59-50 


14-06 


12-49 


20-18 



Virgin. 



17-7 



72-13 



63-60 



8-53 



The residues from these 
four coals just cohered 
and no more. 



Kilsyth 

Haugh- 

rigg. 



13-1 



"79-33 



66*80 



12-53 



Residue 
formed a 
coke, but 

this was 
dull & not 
swollen up 



Bannock- 
burn 
Main. 



7-3 



76-98 



72-12 



4-86 



Kilsyth 
CokUig. 



6-4 



72-87 



71-03 



1-84 



Residues com- 
pletely coked, but 
of a duller appear- 
ance than Mfore. 
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From these figures it may be observed — 

(1) That the greatest loss at 300° C. takes place in Splint, 

Gas, Virgin, and Main Coals — that is, in the long- 
flaming coals, which have also the lowest coking index ; 
the smallest loss is found in the strongest caking coals, 
Bannock^urn Main and Kilsyth Coking (caking 
indices, 15*5 and 16), while Ell and Kilsyth Haugh- 
rigg, which swell up slightly on ignition in a crucible, 
occupy an intermediate position. 

(2) That the percentage of coke or fixed residue rises enor- 

mously after the coal has been heated to 300* C. 

(3) That in the coals of which the ignited residues cohered 

only slightly, and which show the largest percentage 
loss at 300°, the tendency to cohere is completely 
destroyed; while in the case of the true coking coals 
it is, though impaired to some extent, still existent. 

These facts, taken along with others previously mentioned, are, 
1 believe, capable of a very simple explanation. In all the coals 
mentioned we have a set of bodies of a resinoid character, which 
are capable of extraction with dilute caustic potash solution, and 
which alone are accountable for the tendency to cohere in the 
residue from Ell, Main, Splint, Gas, and Virgin Coals. These 
bodies are not the same in each coal, but vary alike in kind and 
in quantity. They contribute only to a very slight extent to the 
weight of the fixed residue got on ignition, being, for the most 
part, driven oflf, and constituting a large part of the •' smoke," to 
which they contribute a characteristic smell. They are all more 
or less completely volatilized below 300° C, except in the case of 
Ell, where a part seems to remain behind, causing the partial 
coking of the residue on ignition. 

In addition to these there is in the true coking coals a con- 
stituent, or a series of constituents, not so readily, if at all, acted 
on by dilute alkaline solutions, oxidizable, like the main con- 
stituent of the non-coking coals, in air, but not volatile at 300° C. 
We find that both Bannockburn Main and Kilsyth Coking Coals 
melt in an atmosphere of carbon dioxide at a definite point, 
which may be placed at 317° C, and this we take to be the melt- 
ing point of the constituent referred to. In all probability the 
higher percentage yield of fixed residue usually found as an 
accompaniment of the coking coals, and which Gruner believed to 
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be a universal characteristic, is due to the fact that this body, or 
class of bodies, breaks down on heating into fixed carbon and 
simpler compounds before being itself volatilized. Active gasifi- 
cation does not appear to begin below 330°, and is not particu- 
larly vigorous even at this temperature. The evolution of gas at 
this stage is perhaps to be traced to the decomposition of the 
other kind of constituent present in coal minerals, and not to 
breakdown of the fusible body, which may decompose only at a 
considerably higher temperature. 

Presence of Free Ca/rbon in Coal, — In this paper I desire to 
avoid anything in the way of abstract theorising on a subject on 
which, it seems to me, much more experimental work is required 
before elaborate theories can be of any service. I would advert 
briefly, however, to a point of some importance, namely, the 
existence or non-existence of elemental carbon in coals. The 
view at present almost universally held is that free carbon does 
not constitute any part of the matter of ordinary coal minerals, 
and from this view I am not prepared to dissent. At the same 
time, the point is one on which conclusive evidence is not forth- 
coming, and is perhaps at the present moment scarcely to be 
looked for. Muck (" Die Chemie der Steinkohle," 2nd edition, p. 
152) advances the fact that, after treatment with nitric acid, coals 
go almost completely into solution in the form of humus-like 
bodies containing hydrogen and oxygen as proof that they do not 
contain carbon as such. But that sucli evidence is not unim- 
peachable may be seen by comparing the humus-like acid bodies 
in Table XVIII., derived in this way from coals, with graphitic 
acid (" Phil. Trans.," 1859, p. 249), which has the composition: — 

Hydrogen, ... ... ... ... 1*85 °/^ 

Carbon, ... ... ... ... 61*11 ,, 

Oxygen, ... ... ... ... 37*04: „ 

100*00 7, 

and which was prepared by Brodie by the action of chlorate of 
potash and nitric acid on graphite : in this case graphite, a form 
of native carbon, has been converted by oxidation into a com- 
pound containmg both hydrogen and oxygen. 

The fact that strongly-ignited cokes still contain hydrogen, 
oxygen, and nitrogen is an argument of no greater validity, since 
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it might well be that stable compounds of these elements with 
carbon existed side by side with the latter in the free state. 

If, on the other hand, it should turn out, as will probably be 
found to be the case, that all the acid bodies got as above, by the 
action of nitric acid on coals, contain nitrogen, and if these can 
be proved to be simple chemical substances, and not mixtures of 
two or more, it is a reasonably safe deduction that they are pro- 
duced by the oxidation of a compound containing nitrogen, which 
constitutes the bulk of the organic matter of the coal. 

With regard to the results of these experiments as a whole, and 
to the conclusions to be drawn from them, no validity can be at 
present claimed beyond the particular samples from which they 
were got. They establish the fact, however, that not only does a 
difference exist in the degree of the coking property between the 
coals of the uppermost series of the Clyde basin and those of the 
lowest, but that this difference is due to the presence of a con- 
stituent in the latter which is absent in the former, or is at least 
present only in very small quantity. The melting point of this 
constituent is, as near as may be ascertained, 317° C. The main 
cause of the sintering of the non-coking coals of the upper series 
is undoubtedly to be found in the resinoid (saponifiable) con- 
stituents, which are volatilized completely in a current of dry 
carbon dioxide at 300° C, with the exception of a small part 
which still remains in Ell coal at that temperature. Such bodies 
contribute to some extent likewise to the coking property in the 
true coking coals. The varying volatility of these substances no 
doubt explains the fact, which has been often observed, that 
certain coals will coke in one type of oven where the heat 
is quickly applied throughout the mass, but will not yield a 
satisfactory product in ovens of a different kind. Muspratt 
("Chemistry,'* 3rd edition, 1876) instances certain Stafford- 
shire coals which, treated under ordinary conditions, give only 
brittle fritted coke, but which when subjected quickly to a 
stronger heat yield a hard product. In the five samples of non- 
coking «coal used in these investigations a connection seems to 
exist between the quantity of volatile matter at 300° C. and 

(1) The total hydrogen in the coal. 

(2) The total oxygen. 

(3) The disposable hydrogen. 

(4) The ratio ^"^"^^^T^ (see Table III.). 
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The volatile matter at 300° C. increases with increase in 
the total hydrogen and in the amount of " disposable hydro- 
gen," and conversely diminishes with increase of oxygen. It 
also increases with increase in the value of the ratio j^ 
Such a connection does not exist in the case of the c6king 
coals, which affords additional evidence that in these minerals 
bodies of entirely different composition have to be reckoned 
with. 

With reference to the oxidation of coking coals, which it has 
been shown takes place very rapidly at temperatures as low as 
140' 0., this may in certain cases exercise an important influence 
upon the quality of the coke produced, for example, in bee-hive 
ovens, where, owing to the thickness of the charge and its low 
conductivitv for heat, the coal in the centre remains in contact 
with the entangled air for a considerable time at a temperature 
below that necessary to produce coking of the mass. We have 
shown that exposure of finely ground coal to a temperature of 
160° in a covered crucible, with only limited access of air, com- 
pletely destroys any tendency towards coking in one to one and 
a-half hours. 

A general feature of coking coals is the presence in them of 
only a small percentage of water when freshly mined, as may be 
seen from Table I. This characteristic appears to be due to the 
non-absorbent nature of the fusible constituent to which reference 
has been made, since on oxidizing the coal the absorptive power 
is greatly increased. The following experiment will illustrate 
this : — A few grms. of Bannockburn Main Coal, in pieces the 
size of beans, were immersed in a beaker of water for 15 days. 
The water absorbed amounted to 1*9 "j^. A similar sample was 
heated in air till it had gained 2 '4 "/^ in weight, and was then 
immersed in a beaker of water alongside of the former. At the 
end of 15 days the water contained in the sample was found to 
be 6*7 "Z^. The high content of water in Ell, Main, and Virgin 
Coals is probably to be ascribed to some similar process, since we 
find that these three coals alone contain humus-like substances 
extractable with potash, and which can readily be formed in the 
others by atmospheric oxidation. It is also a fact worthy of note 
that, although the water content of the non-coking coals is 
already so high, it increases more rapidly in them (Splint is an 
exception) than in the others. Thus samples of the above coals 
left in loosely-corked bottles, in the slightly damp atmosphere of 
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the laboratory for one year, showed the following percentages of 
water at the beginning and end of the period : — 

Table XX. 

WATBB CONTAINED IN COAL SAMPLES. 



When freshly \ 
mined, i 

After one year^ 
in loosely- 1 
stoppered V 
bottles (pow- 1 
dered), ^ 

Increase, 


EIL 


1 

Main. 


Splint 


Gas. 


Virgin. 


Kilqrtb 

Haugli- 

rise. 


Bannonli- 
bum 
Main. 


KilByth 
Ck>kinx. 


Per cent 

9-99 
*10-68 


Percent 

9-08 
10-02 


Per cent 

7-27 
7-20 


Percent 

5-56 
5-94 


Percent 

777 
8-82 


Per cent 

1^98 
216 


Percent 

1-75 
1-90 


Percent 

1-72 
1-84 


•69 


•94 


-•07 


•38 


105 


•18 


•15 


•12 



• The proportion of water contained in coals may thus be re- 
garded as in some measure an index to the character of the 
samples, at least for the particular basin to which they belong. 
Connected, it may be, with this difference in the amount of water 
contained in coking and non- coking coals, is the peculiarity, which 
I believe holds not only for the Clyde basin, but for most, if not 
all, coal areas, that in the non-coking varieties the cracks or 
" backs " are usually filled with a calcareous deposit, which is 
entirely absent in the strongly-coking seams. f 

Upon the question of the constitution of coals, and the relation- 
ships between the constituents of substances so different in pro- 
perties as the Lanarkshire Ell and Splint and the Bannockburti 
Main Coal, it would be premature at this stage to venture a sug- 
gestion, even of possibilities. J One point, however, must be 

* The question has sometimes been raised whether the loss in weight which 
coals undergo at 100^ to 105^ C. can be regarded as accurately representing 
the amount of water which they contain. Losses of 10*68 % and 10*02 %, which 
are found to take place on heating Ell and Main Coal respectively to 105° 
C, might well be suspected of having arisen from the expulsion of something 
more than absorbed water, seeing that such coals frequently come from perfectly 
dry pits, and are themselves to all appearance dry. It seems probable that a 
small part of the loss thus occasioned is frequently to be ascribed to the volatiliza- 
tion of organic matter. On the other hand, determinations of the loss which 
the above coals undergo, on standing for 48 hours over sulphuric acid at ordinary 
temperatures, gave 10*64 % and 10*00 % respectively. 

t An examination of this deposit proved that it consisted of practically pure 
calcium carbonate. 

X But cjp. Baltzer (" Vierteljahresschift der Ziiricher natur forschenden 
Gesellschaft ") and Muck (" Chem. der Steinkohle," 2nd ed., 1891, pp. 140, 141). 
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noted. If we compare the analyses of the coals in 
Table III. with those of the same coals, after being oxidized 
in air till they cease to gain in weight (Table XVI.), and 
these again with the figures for the acid bodies got by treat- 
ment of the coals with nitric acid (Table XVIII.), we are at 
once struck by certain outstanding facts. Thus, Ell and Main 
Coal, though different at first, yield after atmospheric oxidation 
products of identical composition, but these are entirely different 
from the bodies got from all the others. Splint and Gas Coals, 
although found in seams not far removed from one another, do 
not show much tendency to approximate in composition when 
oxidized. Among the coking coals, the original difference in 
composition between Bannockbum Main and Kilsyth Coking 
Coals remains in part even after the samples have been subjected 
to the above treatment, while Kilsyth Haughngg gravitates 
towards the class represented by Ell, Main, and Virgin. Splint, 
on the other hand, shows a tendency to approximate in its com- 
position to that of Bannockbum Main and Kilsyth Coking Coal. 

In the acid bodies which were prepared by acting on Ell, 
Splint, and Bannockbum Main Coals with nitric acid, it is found 
that the former difference between Ell and the other two still 
continues, but the products obtained from Splint and Bannock- 
bum Main Coals are practically identical in composition. 

What the precise significance of these observations is can only 
be ascertained by further investigation, and I am hopeful that in 
time it will be possible to adduce some further evidence on this 
part of the subject, on which I am still continuing my researches. 
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V. — Railway Sv/rvey Work in the Shiri Highlands of British 
Central Africa^ with General Observations on the Country 
between Chiride and Lake Nyasa. By Mr. Grieve Macrone. 



[Read before the Society, 26th January, 1898.] 



In March, 1895, I had the honour of being engaged by the 
Directors of the African Lakes Corporation, Limited, to proceed 
to the Shir6 Highlands of British Central Africa, to make surveys 
and reports for a proposed line of railway which would connect 
the navigable waterways of the Upper and Lower Shir6 River. 
The Directors took this step with a view to opening up the country, 
being supported by a circular issued by a committee appointed at 
a public meeting held at Blantyre, in the Shir^ Highlands, at 
which meeting resolutions were framed drawing the attention of 
capitalists and those philanthropically interested in the develoj>- 
ment of the country to the great need for a railway between these 
waterways, and the benefit which would be conferred upon a great 
tract of country by its construction. 

At present goods are taken up the Zambesi and Shir6 Rivers 
from the coast as far as Katunga ; above this place navigation 
is impossible for a stretch of 80 miles, owing to the Murchison 
Cataracts. Goods have therefore to be carried overland by 
porters, and are taken first to Mandala, at Blantyre, where the 
African Lakes Corporation have their headquarters. There they 
are dealt with for distribution over the country — those for the 
Great Lake Country northwards being carried on to Matope, on 
the navigable waterway of the Upper Shir6 River. Here the 
African Lakes Corporation have a station, with steamers plying 
on the river to Lake Nyasa, where the goods are transhipped into 
the fleet of lake steamers owned by the Corporation. These carry 
the goods to the various ports on the lake shore, the most north- 
erly one being Karonga, from where the goods are again carried 
overland by porters, vid the Stevenson Road and Tanganyika 
Plateau, to Lake Tanganyika, for distribution on the shores of 
Vol. XXIX. o 
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that lake, or westwards as far as Lake Mweru and the Congo 
Free State. 

There is thus a great tract of country served by this route, and 
the inconvenience, delay, and expense attendant upon the porter- 
age overland between the Upper and Lower Shir6 Rivers affects 
the whole area. There is also a great local necessity for the 
railway in the Shir^ Highlands itself. Coffee planting is increas- 
ing rapidly and proving successful. A large amount of native 
labour is required to work these plantations, and it is feared that, 
unless the labour required for porterage is set free by the con- 
struction of the railway, either the coffee plantations or the 
transport must suffer. 

My inyestigationa and surveys did not carry me further than 
the south end of Lake Kyasa, and I propose in the following 
article to state a few facts and observations which may prove 
interesting to you. 

I arrived at Chind^ (which is situated at one of the mouths of 
the Zambesi delta) on the 8th of May, 1895, and spent two or 
three days there while one of the river steamers with barses was 
being loaded for the journey up the Zambesi and Shirg Rivers. 
Formerly the main waters of the Zambesi Eiver were reached 
from Quilimane vid the River Kwakwa, an almost disconnected 
mouth of the River Zambesi, and it was only in very high floods 
that a steamer could pass from the one river to the other, which 
was seldom, and there was the risk of a flood subsiding and leav- 
ing the steamer in the Kwakwa with no way of getting out. 
Goods and passengers were taken up the Kwakwa in row boats 
and barges, and then carried overland for a short distance to the 
Zambesi. This was tedious and expensive, and in 1892 the 
African Lakes Corporation decided to remove these premises to 
the Chind6 mouth of the Zambesi, which had quite recently been 
discovered to be navigable. A block of land, 25 acres in extent, 
was leased by the Portuguese to the British Government for 
offices, stores, &c,, in order to deal with the goods in transit for 
British Central Africa. Other traders soon established themselves, 
and Chinde has now a population of 86 Europeans of various 
nationalities, and a good hotel run by a Scotsman. 

Chinde is situated on what is really a sandspit of the great 
Zambesi delta, and its general surface is only Ave to six feet 
above high water of ordinary spring tides. The river foreshore 
on the Chinde Conpession is being rapidly washed away, a strip 
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200 feet wide having disappeared in the past four years^ and, 
unless proteotive works are built in the near future, Chind6 will 
simply be wiped out. 

Ocean coasting steamers, drawing 12 feet of water, can safely 

• cross the bar at full tide and anchor in the Chind^ Kiver, so that 

the ocean coasters and river steamers are in touch with one 

another. These coasting steamers again connect with mail 

steamers at Durban, Delagoa Bay, Beira, and Mozambique. 

The river steamers are flat bottomed stern-wheelers, drawing 
from 12 inches to 24 inches of water, the latest and most 
approved type being 85 feet long by 18 feet beam by 3 feet deep, 
with draught of 18 inches to 24 inches, depending on cargo and 
number of passengers. Wood fuel is used, but it is found difficult 
to keep up steam with it when the steamer has to flght against a 
strong current, and it is proposed to experiment with coke and 
coal for more efficient and economic results, Accommodation for 
20 passengers is provided. About 20 tons of cargo can be 
carried, but, as ib is so necessary for these steamers to draw as 
little water as possible, they are made to act more as towing 
machines than as cargo carriers. Two barges, carrying about 40 
tons each, are attached, to hug the steamer one on either side, and 
this arrangement is found to act very well. 

From about 2 miles above Chinde, and all the way above to 
the Zambesi, a distance of about 70 miles, the banks of the 
Chind^ effluent are uniform and Arm, almost canal-like in appear- 
ance, and there is always plenty of water for navigation purposes. 
The stream is about 200 feet wide from bank to bank. The 
surrounding country is perfectly flat, and covered by dense jungle 
with open patches. 

The Zambesi, from the Chinde effluent to the confluence with 
the Shir6 River, is from half-a-mile* to two miles in width, the 
broadef channels being studded with numerous islands. The 
channels are troublesome to navigate, as they are interspersed 
with numerous sandbanks, which are continually changing. 
During the rainy season, from January to April, there is generally 
plenty of water, but after that period the river gradually falls, 
and navigation becomes very trying, as steamers run aground 
frequently, and have to be dragged over the banks by natives, a 
crew of them being carried for that purpose. Each of this native 
crew is also furnished with a bamboo pole to help to guide the 
steamer in tight places and when she has not sufficient steering 
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way on, and also for pushing off and easing unavoidable 
concussions with the banks of the river. 

New islands are continually forming and old ones being swept 
away. Boots and trunks of trees washed from eroded banks 
become grounded, upon which masses of floating vegetation get 
caught, forming a nucleus down stream from which suspended 
sediment settles in the slack water caused by the obstruction. 
This spreads out like a fan, and very soon an island will be 
formed with a dense growth of grass. While one island may be 
forming in this way, the current is probably so deflected that some 
previously formed island is being washed away, or the main bank 
of the river quite altered, and thus the channels in the river are 
continually changing. 

The Shir^ River is in width from 150 to 400 feet. The banks 
are in general from 10 to 12 feet high, and composed of stiff 
brown earth, so that little alteration takes place. Navigation 
from January till July is easy, excepting for several sharp bends 
where also the current is extra strong and the river narrow. 
These places are most troublesome when coming down stream, as 
the steamer is then more difficult to steer, and it is almost 
impossible to avoid colliding with the banks, and, this being 
recognised, the steamer is run gently against the bank and allowed 
to swing round ; in fact, she is just made to waltz gently round 
these bends. 

Another troublesome place is called the leak, where part of the 
river has cut a narrow channel across the nec^ of a bend in the 
river. When the water is in flood steamers can go round the 
bend without difficulty, but when the water is low that channel 
is closed, and the steamer has to face the narrow short channel, in 
which the current runs very strong. In order to get through at 
all towards the end of the dry season the steamer has frequently 
to throw off her barges, the cargo of which is unloaded and the 
barges poled through. The cargo is then carried overland for a 
short distance and reloaded. 

It is very noticeable how the speed of one of these river 
steamers varies when sailing over deep or shallow water. 
Especially is this so when going down stream. Even when the 
current is faster in the shallows, the diminution in the speed of 
the steamer is quite marked. The cause must be that the body 
of water carried with the steamer is retarded by its friction with 
the bed of the river, thereby causing more friction between the 
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hull and the water, besides stirring up the saiid,*Vr1iich will make 
the water heavier. ' *" l^ 

The general difference in level of the river bettrjeeij- the wet 
and dry seasons is about 4 feet, but floods causing a;ii^,of 10 
feet more are not uncommon. These, however, do not list»ionger 
than half-a-day or a day at one time, as they are caused by l^erfvy 
rains in the neighbouring mountains. The River Ruo, ^hioh.^ 
flows into the Shir6 at Chiromo, rose 15 feet in a few hours, atji^' 
partly submerged the township, doing a good deal of damage to": 
stores before they could be removed. The Shire River was at its * 
ordinary flood level at the time, and so sudden was the flood in 
the Ruo that its waters were running up stream in the Shire for 
about an hour. 

It is the waters of Lake Nyasa which keep the Shir6 River at 
a fairly uniform flood level. This, however, can only afiect the 
Zambesi very slightly, as its volume is so much greater than that 
of the Shire. 

From 1890 to 1895 seems to have been a period with rainfalls 
much below the average in the Lake Nyasa basin. The lake 
became lower and lower during that period, and it was remarked 
by the natives that they had never heard of or seen the river with 
so little water in it. The rainy season of 1896, however, must 
have had an abnormally high rainfall, as the lake became higher 
than it had been for many years, and its waters were still high 
at the end of the dry season of 1896, so that the 1897 rains 
really began on a very full lake j therefore, it is likely there wil^ 
be a period of years with the lake water at a high level, and 
consequently a good supply of water in the Shire River. 

Chiromo, at the confluence of the Shir6 and Ruo Rivers (the 
latter forming the boundary between the British and Portuguese 
territories), will be the starting point of the railway. It is 
prettily situated on a triangular-shaped piece of land between the 
two rivers. The properties are nicely laid out with shrubs and 
flowers and beautiful avenues of " Pride of India '* trees, the bright 
emerald green of which is very refreshing after so many shades of 
dull brown, which is the prevailing tint of the valley. It is 200 
feet above sea level, and can at all seasons of the year be reached 
by the river steamers from Chinde. Above Chiromo the naviga- 
tion is very uncertain towards the end of the dry season, and 
sometimes during the period of small rainfalls above mentioned it 
was quite impossible for steamers to get above Chiromo at all, 
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and boats apd.')}arges had to be resorted to. A steamer to draw 
only 10 inched of water was constructed for the African Lakes 
Corporati'oii .-two years ago, especially for this part of the river, 
and haS*^6en doing very good work. 

Katufrga, which is as far up as any steamer can go, as already 

ita^^tioned, owing to the Murchison Cataracts which are just 

, -bpy^d, is about 300 miles from the sea by river, and about 300 

. •. .fee't above sea level The river has therefore an average fall of one 

'.•/ioot to the mile. The average current, I should say, is about 

•/.' three miles per hour, with a maximum of seven miles per hour 

when the river is in its ordinary flood-level condition. 

Katunga is five to ten days' journey from Chind6, depending 
upon cargo and state of river, which seems a long time to take to 
travel 300 miles by steamer. But the strength of the current 
being considered, and the fact that steamers can only run from 
sunrise to sunset and tie up to the bank during the night, the 
rate of travel is not so bad. It has been proposed to run the 
steamers at night with an electric search-light, but experience 
with that on similar rivers in India has shown that where the 
channel has to be " read " from the ripple of the water, the glare 
of the search-light is very misleading, and it is only where the 
river is narrow, with high banks, or where the channel is marked 
out with stakes or buoys, that the search-light is any good. 
When I say that the channel has to be '* read," I mean that the 
depth of the channel is approximately judged from the nature of 
the ripple of the current. The natives are very good at this, and 
each steamer carries a native pilot who has a special faculty for 
judging the channel. 

Arriving at Katunga, passengers are conveyed by road to 
Mandala, at Blantyre, the headquarters of the African Lakes 
Corporation. This road from Katunga to Blantyre has practically 
been re-made last year. Hitherto it has been a source of great 
annoyance, as no provision had been made for draining the water 
from it, and after each rainy season it was so cut up that it could 
not be used for vehicular traflGic with safety. The gradients were 
also very steep, as can be seen from the longitudinal section of the 
road. It is interesting to know that four mules, drawing a heavy 
Cape cart, containing four passengers and a native driver, made 
the journey from Katunga to Blantyre in 10 hours, the gradients 
being then as shown on the section. All the very steep gradients 
have now been altered, by deviating the road, to 1 in 12, with 
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the exception of two short stretches^ where a gradient of 1 in 10 
has been put in to avoid heavy expense which would have been 
entailed by a 1 in 12 gradient. Proper catch-water drains and 
dry stone covered-in drains across the road have also been con- 
structed where required, so that it should now be a good road all 
the year round, with very little cost for upkeep. This work has 
been carried on by Mr. Binnie, C.E., who was engaged by the 
African Lakes Corporation to assist me on the railway survey, and 
whose services have been transferred to the Administration, at 
their request, for such work. 

The rise from Katunga to Blantyre is 3,300 feet, 3,000 feet of 
which is mounted in 14^ miles. One can understand what hard 
work it is for carriers taking loads up this hill. Fifty-six lbs. is 
considered the load for one man, and a carrier generally occupies 
two days on the journey up to Mandala. Some loads are four to 
six times that weight, and, of course, require the number of men in 
proportion, but three to five days is required for the transport of 
these. Passengers have hitherto been carried in machilas (a 
hammock arrangement suspended from a pole), which a squad of 
natives take turn about in bearing — a bearer at each end of the 
pole. Squads of 8 to 12 men are used for this purpose, and they 
can accomplish the journey of 27 miles in 7 hours if the passenger 
is of an ordinary weight. Now, however, that the road has been 
improved, horses and mules will, no doubt, be used to substitute — a 
much more dignified, and, at the same time, a more speedy and 
comfortable mode of travel, until the railway is constructed. 

The enterprise of the African Lakes Corporation caused them 
to send out a traction engine to cope with the transport of goods 
on this road. It was done as an experiment, and the engine is 
such that it can be used as a stationary one for driving machinery, 
if it does not succeed as a traction engine. As a tractive machine 
it has not proved a success, so far, on the road. This engine is 
furnished with a winding drum, which enables her to take heavy 
loads up the steepest inclines. The engine runs up without the 
wagons and is anchored, the rope on the winding drum is paid 
out and attached to the wagon, which is then pulled up. 

Koads in British Central Africa are not macadamised in any 
way. As the soil of the country, however, is in general a clayey, 
red earth, they stand very well during the dry season, and take 
on a very smooth, hard surface, almost like burned clay* In the 
rainy season, again, they become soft and muddy, and very easily 
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cut up. Bridges over streams are of the most primitive descrip- 
tion, consisting merely of trunks of trees thrown across a stream, 
and supported on rough dry stone abutments. The platform for 
roadway consists of branches laid across these tree trunks and 
covered with earth. Bridges of this description are dangerous 
and short-lived, owing to the ravages of white ants and other 
insects, and it is found much better to construct drifts across the 
streams. A drift is simply an embankment of rough, stones raised 
across the bed of the stream to any suitable height, through 
which the water finds its way when the stream is in its normal 
condition. When in flood the stream may submerge the drift, 
but if the latter is properly constructed it will not be washed away. 

I will now ask you to suppose that I have reached Mandala, 
the headquarters of the African Lakes Corporation, Limited, and 
it may interest you if I glance back to the river and give you a 
very brief account of the birds and animals commonly to be seen 
there. Once on board one of the comfortable steamers of the 
African Lakes Corporation, satisfied that all one's baggage is safe, 
and that he is clear of the sand and insects which make Chind6 
so disagreeable, the passenger experiences a very pleasurable 
expectation, if it is his first visit to the country, in looking forward 
to the journey up the river, with so much that is novel in birds, 
animals, scenery, and the natives, in prospect. The bird life is 
most interesting and varied, and I have observed all the following 
as being quite common : — kingfishers, purple, red, and blue, and 
black and white ; pure white egrets and jet black ones ; gulls of 
various kinds ; great varieties of wading birds ; comical-looking 
darters, black in colour, and looking like the caricature of a 
cormorant; very large storks, white and blue grey; huge marabout 
storks, in their brilliant plumage, looking like regiments of 
soldiers; fish eagles, with white body and black wings; the 
grotesque pelican; vultures; kites and hawks; spun- winged 
geese ; ducks of various kinds ; swarms of yellow weaver birds, 
chattering and fussing round their pendant nests ; martins and 
swallows; brilliant red and blue bee-eaters; and hosts of small 
birds in the reeds and rushes along the river banks. 

Hippopotami are seen disporting themselves, sometimes in herds 
of a dozen or so and in twos and threes, but these huge beasts 
are becoming much more wary and shy every year, owing to their 
being so much shot at from the steamers. They are never, how^ 
ever, likely to become extinct in the Zambesi from that cause, as 
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there are so many marshes and lagoons branching off from the 
river far away from the track of steamers. In the Lower Shir^, 
however, this animal is almost a thing of the past, and is now 
rarely ^o be seen, although a few years ago there were great 
quantities of them, and they were a source of danger to canoes 
and barges. Kot that they make an attack unprovoked, but one 
might come up to breathe under a barge and throw its occupants 
into the water, and then a crocodile might come upon the scene. 
A wounded hippopotamus is dangerous, as it will then attack a 
boat or anything, even one of its own companions. The hippo- 
potamus can remain under water for a long time without coming 
to the surface to breathe. I have watched with natives and have 
noted 20 minutes between the visible periods of coming to the 
surface to breathe, but this may not be reliable, as these animals, 
when there is danger about, can come to the surface very gently, 
* perhaps concealing themselves behind a rock or amongst reeds, 
and only protruding the nostrils, which would be quite easily un- 
detected even by the sharp-eyed natives. Most natives are fond 
of the flesh of the hippopotamus as food. To preserve it they cut 
it into strips, which they stretch over a raised openwork platform 
of bamboos, forming really something like a huge gridiron ; they 
then light small smoky flres underneath, and the strips of flesh 
are partially cooked and well smoked, which preserves them 
thoroughly for consumption at leisure. I have tried the most 
delicate parts of the fresh meat, but did not like it — the taste 
was coarse and rank. There are some natives, who, though fond of 
the meat, daren't touch it, as it brings a painful rash out on their 
bodies, and I have seen some suflering from this after eating the 
flesh perhaps too heartily. The skin of the hippopotamus is fully 
an inch in thickness, and the only use I know of its being put to 
by the natives is to make rods out of it when dried, and such a 
rod is used for administering punishment. The tusks are 
exported, but the ivory is coarse and more brittle than elephant 
ivory, and only fetches about quarter of the price. I have seen 
the skull of a hippopotamus, which had a peculiar development of 
the tusks in the lower jaw. The upper tusks had not developed, 
with the result that there was nothing for the lower tusks to grind 
themselves upon, and they kept on growing in a curve, almost a 
complete circle, till they met the molars of the lower jaw which 
they were displacing. 

Crocodiles are still very numerous, and every European who 
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has a gun considers it a matter of duty to shoot them whenever a 
chance occurs. They are great pests, and many natives are 
annually killed hy them, but the natives think very little of the 
danger they run in going into the water, and treat such a matter 
as being killed by a crocodile in quite a fatalistic spirit. At Fort 
Johnston, on the Upper Shir6, where there is a large population 
on the river banks, natives were carried off at the rate of four 
per week, and they were told to build stockades round the places 
where they drew water from the river, but they paid no attention 
until the Administration sent soldiers to compel them to erect 
these, and they now enjoy comparative immunity from such 
occurrences. Crocodiles can be seen of all lengths, from one to 
fifteen feet. The large ones are very alarming to look at, even 
from a distance. 

Heads of buck and buffalo can frequently be seen from the 
steamer, and occasionally lions are seen. Eight or ten years ago 
elephants were quite common, but these have entirely disap- 
peared. A large tract of country, from Chiromo to beyond 
Katunga, has, however, been made a preserve of, in which shoot- 
ing is restricted, and it is hoped that they may return. 

The native population in the Zambesi and Shir6 valleys is very 
large. The soil is highly fertile, and any quantity of cereals, 
such as rice, maize, and millet, could be grown. The natives only, 
however, as a rule, grow enough for their own wants. A small 
trade in ground nuts is' carried on by a few Hindoos. The 
nuts are sent to Marseilles, I believe, where the oil is extracted 
and prepared for the market as olive oil. The natives are much 
troubled by birds and wild animals stealing their crops ; the 
hippopotamus is the worst pest in this respect, and watchmen are 
on duty during the night perched in a hut built on high props, 
which serves the double purpose of watch-house and grain store, 
from which they scare away any animals. Boys are on duty 
during the day to scare away the birds. They stretch strings 
made from native fibre across the garden, from which small 
pieces of cloth are hung, and the boy in the watch-house keeps 
agitating these strings. 

There are many canoes, large and small, to be seen on the 
river. These are dug out from the solid tree trunk, and some of 
them are neatly made. They are propelled generally with a long 
bamboo pole, by punting it in the shallow water and using it as a 
paddle in deep water, the native standing up. Short paddles are 
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also used, the native then sitting down in the bottom of the 
canoe. There are many fish in the river, of which the natives 
are very fond, and are always working about with their nets and 
traps. There is a nomad class of people who do nothing but hunt 
the hippopotamus and trade with the dried flesh. Their modus 
opera/ndi is much the same as whale fishing, barbed spears with a 
line attached being used. The line is allowed to go free, and has 
a float attached, so that the movements of a speared hippopota- 
mus may be watched, and the animal followed up and speared 
again and again as opportunity oflers. 

I will now take your attention back to Mandala, where, when 
I arrived, I at once began to make preparations for the survey 
expedition. I was joined there by Mr. Baird, who came out in 
the steamer following me. He had been in the country before 
for five years, acting as station agent for the African Lakes 
Corporation. He thoroughly understood the natives' character 
and their language, which relieved me of what would have been 
really more than half the work if I had been without some one 
with that knowledge. Squads of natives were engaged, a squad 
consisting of eight to sixteen men, with a headman over them 
chosen by the squad. The smartest and most likely-looking men 
were, picked out for survey purposes, the others to carry loads. 
A start was made on 21st of June, 1895. The caravan consisted 
of Mr. Baird and myself and 60 men carrying provision boxes, 
two tents with sufficient necessary furniture, surveying instru- 
ments, ka. 

The first thing to be done was to determine the best place to 
cross the summit watershed which lay across the route. The 
question of ease of approach and directness of route, of course, 
enters into this consideration, and to determine what was best 
involved a good deal of travelling about and examination of the 
surrounding country from commanding points. This was a very 
trying piece of work, as the vegetation consists of tall coarse grass 
from five to eight feet high, with belts and patches of dense 
jungle, and nearly the whole country is covered with forest. It 
often happened that when a commanding point was reached it 
was impossible to see out from it owing to this vegetation, and 
even when a tree was climbed only glimpses of the country could 
be obtained between the foliage. A forest country is most de-^ 
ceptive to the eye. All its ruggedness is smoothed ofl and its 
undulations disappear, as the trees grow short on the ridges and 
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tall in the hollows, and the slight haze which generally hangs 
about a hollow still further helps to deceive, and gives to a rough 
country the appearance of a flat plain. After about ten days of 
exploration work I was able to decide upon the most likely route 
and the steepest gradient necessary. This I judged should be 
1 in 40, which would overcome the height to be climbed, and 
would be easy to work with a narrow-gauge railway. 

Having made up my mind on these points, viz., the ruling 
gradient and the general direction of the route, I commenced a 
careful survey of the easiest alignment, the details of which were 
noted. The bush was cleared in front by a gang of eight natives, 
in a direction pointed out which would follow the most suitable 
ground which could be taken advantage of. The chainmen 
followed, and I brought up the rear with the level and compass. 
Levels were taken every 100 feet, with intermediates when 
necessary; the cross section of the ground was also noted, and the 
nature of the formation, whether earth or hard or soft rock. 
When two or more apparently suitable alignments presented 
themselves, and the question of which was best was doubtful, 
rough trial surveys were made, which determined the best to be 
adopted, and it was then gone over carefully. 

The camp was shifted nearly every day, excepting Saturdays 
and Sundays. I had an intelligent native as headman, educated 
at the Livingstonia Mission. He was supplied with a watch, and 
when the camp was broken up after breakfast he was instructed 
to march in a given direction for half-an-hour or an hour, and ^x 
the new site for the camp, the time he was to march being judged 
from the nature of the country through which the survey for that 
day would be conducted. He then got the tents re-erected, and 
saw that all the loads were safely brought up. By this system 
we generally found ourselves within a few minutes* walk from 
the camp at the close of our day's work, with everything in order, 
and the cooking of our dinner proceeding. After dinner the 
day's levels were reduced, and sometimes plotted, if there was any 
doubt as to what the route surveyed that day would involve. On 
Saturdays we generally took a walk to observe the surrounding 
country, or attended to correspondence. On Sundays we, of 
course, rested. This was the routine for four months, until Chiromo 
was reached, excepting for one instance at Zoa Falls, where the 
nature of the country was such that I was camped in one spot 
for eight days. So far easy ground had been found by the 
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valleys of the Luchenza, Tochila, and Rao Rivers, but at the 
Falls of Zoa, on the Ruo River, there is a sudden alteration in 
the shape of the valley. Above the falls it is broad and open, 
with flat lands bordering the river, but at the falls the valley 
suddenly narrows to a gorge about 200 feet deep. It continues 
thus for about one and a half miles, when the valley broadens out 
again. The question was to get the most economical line located 
between the flat valley lands above the falls and those one and 
a half miles below. The sides of the gorge are very precipitous 
and seamed with deep watercourses, and the country inland from 
the river is broken up into deep valleys and high ridges. The 
whole place was covered over with dense clumps of bamboo, 
which very much increased the difficulty of determining the best 
route for the line. After much work, it was found that the most 
economical way to overcome the difficulty would be by intro- 
ducing reversing stations, avoiding the very precipitous part of the 
gorge. This can be done by running down the side of one valley, 
which is at right angles to the main valley, and crossing its 
watercourse at a low level, backing out down the opposite side 
and round into the neighbouring and parallel valley, crossing its 
watercourse also at a low level. A second reversing station here 
will enable the train to proceed with the locomotive in front, and 
at the place where the line so developed by these zigzags has 
debouched again into the main valley it is just above flood level 
in the remaining short distance of the gorge, and the crossings of 
watercourses only require small bridges, instead of high viaducts. 
The flat bottom lands of the now widening valley are reached 
halfa-mile further on, and no further serious difficulties were 
encountered. This development of the line by zigzags makes the 
line one mile longer than by the direct route down the side of the 
gorge below the falls, but would effect a saving of £8,000 in con- 
struction by avoiding numerous viaducts. This was the only 
part of the route surveyed which involved any great difficulty in 
determining the most suitable alignment. 

We arrived at Chiromo on the 1st of November, being four 
months and ten days from the date of starting. The disiance 
from Blantyre to Chiromo by the route surveyed turned out to be 
85 J miles, and at 5 days in the week of survey work the average 
daily progress was, approximately, 1 mile, which, considering the 
nature of the country, was a very fair rate. 

We spent a few days at Chiromo while I overhauled my note- 



110 FhUoaophical Society of Glctagow, 

book, and made a short report of the route. The weather was 
very hot at this time, 105° in the shade every afternoon, and we 
had a very trying journey back by the plain at the foot of the 
Cholo hills. This part of the journey was not a pleasant one, the 
weather was so hot, the water so bad, and we were really getting 
run down after so much continuous outdoor work in such a relax- 
ing climate. It was necessary that we should visit the Cholo 
district lying to the north of the Cholo hills, as it is an important 
district in coffee plantations, and the Directors of the African 
Lakes Corporation wished for a report on the question of taking 
the line that way. After examining the country there, I was able 
to report that a deviation from the route surveyed, embracing 
this district, was feasible. The gradients would be much steeper, 
but the route would possibly be shorter by 4 or 5 miles, and a 
watershed ridge might be followed which would effect a consider- 
able saving in bridges. I recommended that it should be carefully 
surveyed the foUowinpj season. We now returned to head- 
quarters, as the rainy season was just approaching, when survey 
work would be inadvisable and camp life unhealthy. 

In looking back on this survey expedition I cannot say that 
there were any very striking or remarkable incidents, though 
much that was new and interesting to me, and I might give 
you a retrospective sketch dealing with the most interesting 
subjects. 

Everything went on very smoothly and without any adventures 
worth speaking of. In fact, I may say that I had more adven- 
tures on the survey for the West Highland Railway than I had 
on this survey in British Central Africa. I never saw nor heard 
a lion; we came across their fresh spoor occasionally, but we 
never were disturbed by them. Leopards were common, but we 
never saw one. They would prowl round the camp at night, 
attracted, no doubt, by the two goats we had. The general 
arrangement of the camp was — our two tents placed side by side j 
a suitable distance from these, and at intervals apart, the men 
built small sheds of branches and grass, so that our tents were 
quite ^surrounded. Before each shed a fire was kept burning, as 
well as one at each tent door, and, no doubt, these prevented us 
being disturbed by wild animals. Our route generally was close 
to, and running parallel with, the Rivers Luchenza and Tochila 
and Ruo, which all had a plentiful supply of good clear water. 
We could always get a cooling drink, even in the hottest day, by 
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having the water carried in a canvas bag. The rapid evaporation 
from the surface of the bag turned the water inside quite cold. 

Native produce was rather scarce for some time, as the greater 
part of the route traversed was thinly populated, but there were 
evidences of there having been a very large population at one 
time. Native methods of cultivation are very wasteful; when 
they settle down in a place they clear the land round about most 
suitable for their gardens. These they cultivate for a few years 
until the soil becomes exhausted, when they will move off to fresh 
land, the old gardens turning into forest land again in ten years 
or so. The value of the wage paid to the ordinary native per 
month is 4s. The headman of a squad gets 6s. They are paid in 
calico, at the value of 3d. per yard. Two yards each were given 
them every month to buy food with. One man from each squad 
was deputed to purchase for his comrades, and they would travel 
very long distances to effect a good bargain ; but sometimes they 
were unsuccessful in getting any food at all, and on these occasions 
the despondency of the whole camp was very great, and the head- 
man held long consultations with us as to what should be done. 
At first we thought that the men deputed to buy had not made 
much effort, but it soon became apparent from their continued 
foodless state that there was really a scarcity. We had, there- 
fore, to send to headquarters, a distance of 30 miles at that time, 
for supplies of maize and rice. This had to be done for a fort- 
night, until we came within reach of a village where food could be 
procured. The staple food of the natives consists of maize, beans, 
sweet potatoes, and the tubers of the arrowroot plant, called by 
the natives^^ kassava." Maize they always eat cooked, either roasted 
or boiled ; beans they boil j sweet potatoes and arrowroot they 
eat either raw or cooked. They have also pumpkins during the 
rainy season, which they eat boiled. The maize is also ground by 
the women between the stones, or pounded with a heavy stick as 
a pestle and a hollo wed-out round timber as a mortar. Millet is 
also grown, from which they make a kind of beer much esteemed 
by the natives. They make also a similar beer from maize. The 
grain is soaked in water, and allowed to ferment in large earthen 
pots, and afterwards boiled. This produces a thickish fluid like 
dirty milk in appearance, and with a sour taste and smoky flavour. 
I have met Europeans who said they liked it and found it refresh- 
ing, but that must have been when they were very thirsty and 
tired. Palm wine I also tasted in the Sbir^ valley, and thought 
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it like very flat and weak ginger beer. The natives are very fond 
of meat when they can get it, and the shooting of a buck or a 
hippopotamus was an occasion for great rejoicing, and put quite 
a new heart into our men. We shot three hippopotami altogether 
during the journey, two of these on the same occasion. The flesh 
was divided, and each man had a bundle of dried meat, which 
lasted him quite a long time. They ate it, after their first great 
feast of it, as a sort of relish to their ordinary food, but some 
bartered it for other foods with natives resident near our route. 

The district was very poor in wild fruits j we only came across 
one clump of lemon trees, the fruit of which was very good and 
very welcome. I saw a few brambles, much like our own in ap- 
pearance and flavour, only the fruit is pink when ripe. A kind 
of plum, about the size of a walnut, grows plentifully on a tree 
called the " msuka," which flourishes all over the hill country. The 
fruit has a dry, brittle skin, with a thin layer of sweet pulp, 
slightly astringent underneath j the greater part, however, con- 
sists of seeds. We came across a tamarind tree, a very large one, 
and covered with fruit, which we partook of, and were indisposed 
afterwards. A palm tree — th e " hyphsene," I believe — grows plenti- 
fully in the lower valleys, and produces fruit about the size of a 
golf ball and about as nourishing. It has a thin outer covering 
of dry, slightly sweet substance, like brown sawdust in appear- 
ance ; the remainder is a very hard, white kernel, like vegetable 
ivory. Very tasteless white figs are also common along the 
stream courses. You can imagine that one could not thrive if 
he had to depend on the wild fruits of that part of Africa. Of 
course, there are very many other fruit trees scattered over the 
country, but I am only mentioning what was commonly met with 
on my journey. 

The botany of the country is very varied and interesting, but 
the wild fruits are certainly disappointing. 

Garden fruit trees can be cultivated, and flourish well if they 
are carefully attended to. The loquat is becoming very plentiful 
from the gardens of the African Lakes Corporation at Mandala. 
Oranges, limes, and lemons grow well, also pomegranates, but 
insects bore into the fruit and spoil it. Delicious figs and necta- 
rines are grown in Mandala gardens, and should become plentiful 
through time. There are one or two apple trees, but they bear 
very little fruit indeed. Pine apples can be grown in any 
quantity, but they are not remarkable for size or flavour 
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Mango trees have been introduced, and grow well, but they have 
not yet borne any fruit. The papau grows well, and the fruit is 
very wholesome, and useful for rendering tough meat tender. A 
few slices placed on the top of a large piece of tough beef, and 
allowed to remain one night, will render the meat quite tender 
by the morning. 

The native produce which we ourselves commonly used was 
fowls, which are abundant and cheap — three to four for one shilling; 
corn flour, manufactured in the manner described, green maize, 
sweet potatoes, beans, tomatoes, and honey. Tomatoes were 
plentiful, small in size, with smooth skins, and very good to eat. 
Honey we always had, as there happened to be a native in our 
squad who had a special aptitude for discovering the hives and 
dealing with their contents. The hives were generally in a 
hollow tree, to which he applied smoke, and then enlarged the 
opening with an axe till he could reach the honeycomb with his 
hand, the bees meantime crawling all over him. He was seldom 
stUng, and did not mind it when he was. The African honey bee 
is very similar in appearance and colour to our own garden bee, 
but slightly smaller. 

The great curse of the country is the grass, which grows to a 
height of from Ave to eight feet, and sometimes higher if it has 
to struggle through bushes to reach the light. It grows in an 
extravagantly luxurious manner during the first two or three 
months of the rains. When the seeds are ripe they drop, and get 
caught by one's clothing. The seed is small, about the same length 
as, but thinner than, the common grass seed at home ; one end 
of the seed is furnished with a remarkably fine, hard, sharp point, 
which is covered with tiny, hair-like barbs. The movement of 
the body acting on these barbs causes the seed to work its way 
through one's clothing to the skin, which the point pierces, 
causing much irritation. These seeds are also furnished at the 
opposite end from the barb with three or four delicate, wavy 
streamers, about three-quarters of an inch long. I have noticed 
that when the seeds have water dropped over them, these 
streamers begin to kick and wriggle in such an energetic way as 
to cause the seeds to move about. The reason for the barb and 
streamers became apparent when I observed this. When the 
rain comes and wets these dry seeds, the swelling of them, no 
doubt, causes the streamers to wriggle and work the barbed 
point into the soil, and thus the seed plants itself. One can 
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understand why this African grass has such a hold on the 
country, and why other grasses have no chance alongside of it, 
when it has developed such effectual means of propagating itself. 
Birds also, I should fancy, would not care to eat such seeds, and 
they are thus protected from enemies. These seeds will also 
stick to animals, and will be carried about until the animal feels 
the discomfort of the sharp point penetrating the skin, when it 
will scratch the seed off. 

Another vegetable pest which annoyed us much is the mucuna 
bean, called by the natives " chiteze." It is a climbing plant, and 
the pods hang down in clusters from the trees and bushes. These 
pods are covered with a fine, hairy surface, which, when the bean 
is ripe, is easily shaken off, and when it comes in contact with 
the skin it creates a most horrible irritation. We suffered a great 
deal from it on the face, neck, and hands, as in cutting through 
the bush it was impossible to avoid it. The natives suffered 
more than we did, having more skin exposed. To remove the 
irritant they would wash themselves on the first opportunity, and 
scrape their skin with a stone. 

There are also spear grasses with surprisingly sharp points, 
which cause an after irritation ; also grasses which cut very 
badly, and from which the natives, with their naked feet, suffered 
a good deal. There are also plants which, when trod upon, give 
off a sickening odour like bad drains. Burrs also are verv 
numerous, and stick to the clothes in masses, which impede one's 
movements. With all these things to annoy, you can imagine 
that survey work must be very trying. Of course, there are 
plants with pleasant odours, and spots free from grass and irritat' 
ing beans, but one can't stop to enjoy these places. 

I have not yet made mention of the bush fires, which are con- 
tinually going on from the month of August until December. 
The air during that time is hardly ever clear from smoke, and 
only after a shower of rain, when for a few days the atmosphere 
is of sparkling clearness, and the landscape looks as if it had been 
well brushed and polished, in contrast to the dull leaden haze 
over everything previous to the shower. The natives start the 
fires themselves, in order to clear the ground of grass preparatory 
to planting their crops. In a way these fires are beneficial, as 
they clear the land of the dead grass, which, if allowed to lie and 
rot, would, no doubt, tend to the increase of malaria. On the 
other band, they impoverish the land, at least ]and which has 
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any slope to speak of, as the ashes when the first heavy rains fall 
are swept away into the streams, although, no doubt, it enriches 
the Zambesi delta. Also they prevent a healthy growth in the 
trees, as the bark and young twigs get scorched, and this causes 
their scraggy growth. Where trees have succeeded in having a 
healthy growth, with plenty of twigs, and consequently thick 
foliage, it is noticeable that the grass underneath gets thin and 
low, and in places disappears altogether, for want of sunshine. 
As regards my own convenience, I found these bush fires rather 
useful for clearing the ground of grass when we found it was 
ready for burning. It was most interesting to notice how kites 
and hawks were found hovering over these fires just a few minutes 
after the men lit them. Also swallows and flycatchers were im- 
mediately on the scene — the former looking out for any small 
animals which might be driven out of their hiding-places or 
injured by the fire ; the latter after the insects driven out of the 
grass and carried upwards with the draught caused by the flames. 
These fires do not travel quickly, the grass is too coarse, and a 
fire will die out very soon if a breeze is not blowing. 

Both Mr. Baird and myself enjoyed very fair health during the 
survey. The natives also were free from any serious illness, 
although we had to do much doctoring for small ailments, 
imaginary or real. They doctored themselves to a great extent 
with roots, which they grubbed about for during their leisure 
time. The wearing of a charm, in the form of an anklet, armlet, 
or necklace of twisted calico, fibre, or elephant hair, with a 
leopard's claw or some other trifle attached, was considered a good 
medicine by some. One of the men fell over a high rock at the 
Falls of Zoa and bruised his leg badly. His companions partially 
buried him in sand in a reclining position, and kindled a fire over 
the injured part, which they kept burning for some time. This, 
no doubt, allayed the inflammation, as he was quite better next day. 

At the end of the wet season, having finished all my plans and 
estimates, T started to make a survey of the Katunga-Blantyre 
road, in order to determine where improvements would be "^re- 
quired for the traction engine sent out by the African Lakes Cor- 
poration. I had also instructions to report on the district of the 
Upper Shir6 Yalley past the Murchison Cataracts, as also to 
examine the country generally, so as to be in a position to make a 
general report on the question of various railway routes talked of. 
I had with me on this expedition Mr. Binnie, C.E., of Glasgow, 
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as an assistant. We found the road in a bad condition, with 
very steep gradients in places, and several deviations found to be 
absolutely necessary, were since carried out by Mr. Binnie, as 
already mentioned. We plotted these surveys at Katunga, and 
sent copies to the Directors, with reports, as the matter was 
urgent. We transformed one of our tents into a drawing office, 
and by erecting a rough shed of bamboo and grass over it we 
could work in comfort even in the hottest days. 

We found the journey past the Murchison Cataracts a very 
interesting one. The district is, as a whole, rather rough and 
barren, and the soil is very scanty, with hummock of rock pro- 
truding all over the place. Wild animals, such as various species 
of antelope, baboons, and monkeys, were quite common, and the 
river in places swarms with hippopotami and crocodiles. The 
paths are mostly mere game tracks, leading to nowhere in 
particular, so that we had a good deal of trouble getting along 
and keeping our Jhen together. It was a bad country to carry 
loads through, and one night the men with our beds did not make 
their appearance. We sent men back to look for them, and they 
all turned up next morning about seven o'clock. 

We arrived at Matope all right, where there is a station of the 
African Lakes Corporation. We made several excursions from 
here to examine the surrounding district. Mr. Binnie then 
started to make a flying survey of the country back to Blantyre, 
making the Matope Blantyre road his base line, while I went up 
the river to Lake Nyasa in one of the river steamers of the African 
Lakes Corporation. I found the river above Mpimbi a splendid 
waterway, with the exception of one or two places, which could 
easily be improved by a little dredging. The general fall of the 
river is about 3 inches per mile, so that the current is very slack, 
except at one short stretch, which could be improved by removing 
a bar of stones. There is also a bar of sand at the effluence of 
the Shir6 River from Lake Nyasa, which could be easily dredged. 
The country on each side of the river is quite flat for many miles 
from the banks, and railway construction would be easy ; but con- 
sidering how much more economically the river could be improved, 
so as to allow the lake steamers to come down to Mpimbi, than 
continuing the railway up to the lake, I judged that Mpimbi was 
the best point for the termination of the railway. 

Lake Matombe, which is a widening out of the Biver Shir6 
about 15 miles below Lake Nyasa, is rather a remarkable place. 
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It is shallow, about 6 to 10 feet deep, and there is an enormous 
growth of reeds over a great extent of its area. It Hterally 
swarms with nsh, especially mud fish. For a length of 10 miles 
in this lake there is a remarkable deposit of mud, of unknown 
depth, in which these fish live in enormous numbers. The mud 
is grey in colour, and just a little heavier than water. An 
analysis of it points to its being a vegetable deposit, probably 
from the growth of reeds in the lake itself. A gas is constantly 
bubbling from it, which is very inflammable, and which gave rise 
to an accident to an employee of the African Lakes Corporation 
quite recently. He had lit a match in the vicinity of a drain 
pipe on board the steamer, when there was an immediate explosion, 
burning his face and hands badly, and from the efiects of which 
he was laid up for some time. Several small similar explosions 
had previously been observed, and a notice is now posted up to 
warn people of the danger. 

Fort Johnston, on the river, about a mile from Lake Nyasa, is 
an important place. The African Lakes Corporation have a 
station there, where goods are transhipped from the river to the 
lake steamers. There is also a military and customs station of 
the Administration. The site has proved a very unhealthy one, 
owing to its lying on low, swampy land, and a large percentage of 
the Europeans have succumbed to malarial fever. It has recently 
been decided to remove this station to a place two miles further 
down the river, where there is an elevated tract of land, with a 
firm, dry subsoil, which is hoped will prove healthy. I examined 
the shores of the south end of Lake Nyasa, in view of the proposal 
to remove Fort Johnston there, but could not find a suitable site, 
owing to the swamps along the shore. 

On a later visit to Fort Johnston, with Mr. Gibbs, the Manager 
of the African Lakes Corporation, I was up the lake as far as the 
abandoned station of the Livingstonia Mission near Cape Maclear. 
This station was given up as a residential one, as it proved very 
fatal to Europeans. It is a beautiful place, with a fine gravel, 
raised beach, but with rather bare, rocky hills immediately behind. 
This makes it very hot and relaxing during the day, with chilly 
winds at night, which was doubtless the cause of so much fatal 
sickness. The mission school still exists, and work is carried on 
by native teachers, periodical visits being made by the missionaries 
from the new site further north on the lake. Sailing on the lake 
is very pleasant in fine weather, as the scenery is wild and 
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mountainous, and the water is very clear and of a beautiful light 
indigo-blue colour. It is subject, however, to sudden and violent 
storms, which raise very heavy and dangerous waves. 

Having rejoined Mr. Binnie, who meantime had been making 
good progress with the survey, we carried it on together into 
Blantyre. The results of the survey showed that a very easy 
railway route could be obtained between there and Mpimbi. 
From Blantyre a further report of our work was sent home, and 
we then proceeded to survey the alternative route of the Chromo- 
Blantjrre section vid the Cholo plantations. It turned out pretty 
much as I had expected from my general examination of the 
previous year. The route was shortened by 4J miles, but the 
gradient had to be increased to 1 in 30 as against 1 in 40. This 
would necessitate a heavier permanent way, but a saving of 
£7,000 would be effected, owing to the shorter distance and the 
fact that the railway route would practically follow a watershed 
for 30 miles, and thus save many bridges, as all stream crossings 
would be avoided on that stretch. 

I next made a final journey to Zomba and Liwonde, as it had 
been proposed to bring the railway that way, but I found that 
such a route would add very greatly to the cost of the line with- 
out having any compensating advantages. 

The wet season was now coming on, and, all outdoor work 
being finished, we settled down again at headquarters and set 
ourselves in preparing plans, maps, estimates and reports, of 
our surveys. 

The Europeans had, of course, been taking great interest in the 
railway question, and as there were proposals by other parties 
which did not meet their wishes. I was asked to lay the scheme of 
the African Lakes Corporation before a public meeting, to be 
called by the British Central Africa Chamber of Agriculture and 
Commerce. This was done, and the route vid Cholo Coffee Plan- 
tations was agreed to be the best suited to the wants of the 
country, and the Foreign Office was strongly petitioned to aid in 
the matter, which it is to be hoped they will see the justice of 
doing. 

The geology of the Shir6 Highlands has not much variety-— 
granite, gneiss, schists, and greenstone appear everywhere, and 
sometimes these seem to be all mixed up together. They are, as 
a rule, very much decomposed, especially the granite. In fact, 
the soil of the uplands (below the surface humus about one foot 
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thick) consists almost entirely of decomposed granite turned into 
red, ferruginous clay for the first four or five feet, and this 
gradually merges into rotten granite, with almost the same ap- 
pearance as the hard rock. I have seen a pit 15 feet deep, and 
even at that depth the granite was quite soft, and could be 
worked quite easily with a pick. The general level of the Shir6 
Highlands Plateau is 3,000 to 4,000 feet above the sea. The 
country was doubtless at one time a very high table land of 
metamorphic rocks, with harder or less easily decomposed masses, 
which now stand up above the general level of the plateau as 
mountains, 6,000 to 9,000 feet above the sea. Probably, too, all 
the less ancient formations were at one time on the top of this, 
including the coal measures, as coal is found in the country 
between the Shir 6 and Zambesi Rivers, about 50 miles from the 
south edge of the Shir6 Highlands Plateau, All the streams 
from the Shir6 Highlands flow over a very hard bed of the rocks 
mentioned, in a series of shallow pools and rapids, with occasional 
waterfalls. This is their character until they reach the valley of 
the Lower Shir6, where, by their agency, the alluvial deposits have 
been formed. 

Iron ore is very abundant throughout the country, both mag- 
netic and hematite, the latter very much decomposed. Large 
blocks of the former exist, and the compass is in places quite 
useless for taking bearings with. Native smiths smelt the ore in 
a dome-shaped clay furnace fired with charcoal. The bellows 
consist of a skin bag attached to a clay nozzle fixed near the 
bottom of the furnace. The top of the bag has an opening, 
which can be closed by drawing the edges together with the two 
hands. By alternately raising the bag with the opening free, 
and pressing it down with the opening closed, air is forced into 
the furnace and blows the charcoal into a white heat, and the 
iron ore mixed with it is smelted. The iron thus obtained is 
worked into spear and arrow points, and also hoes for agricultural 
purposes. The tools used by the blacksmith are a rough iron 
hammer and pincers. 

Mica is present everywhere. Quartz is abundant, but I found 
no traces of gold. Traces of this precious metal have been found 
there, not, however, such as to lead one to expect that it 
existed in paying quantities; but the country has never been 
thoroughly prospected. Limestone is found a few miles north of 
Blantyre. Graphite exists in small quantities. 
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The climate during the dry months, from July to November, 
is very pleasant. The mornings and evenings are cool and fresh, 
although the sun during the mid-day hours is very powerful. 
The shade temperature during the day ranges from 75" to 98°, and 
during the night the temperature falls to about 65'. This refers to 
the uplands, but in the lower valleys, among rocks, the heat is some- 
times almost unbearable. The rains begin in December and last 
until April. The day temperature then may range from 75° to 
95°, and the night temperature from 65° to 80°. From April to 
June is the cold season, the day temperature of which never rises 
above 75°, while the night temperature may fall as low as 40°. The 
annual rainfall ranges from 60 to 75 inches. The prevailing 
wind from April till December is south-east, and during the rest 
of the year (the wet season) the general direction of the wind is 
from the north-east. The rain comes in heavy showers, usually 
accompanied by thunder and lightning and strong cyclonic winds, 
so that locally the wind may blow from any point of the compass, 
although its general course is from the north-east. It does not 
rain every day during the rains ; there may be four or five days 
in succession quite dry. I have noticed there are periods of 
perhaps fourteen days in succession during which there will 
be showers in the forenoons with fine afternoons, followed 
by a similar period of dry forenoons and showery afternoons. 
It does not rain so frequently at night as it does during the 
day. 

Coffee planting is now an established industry in the Shir6 
Highlands. It is expected that about 500 tons will be exported 
this year, the average value of which will perhaps be £80 to £90 
per ton. The plant is of the Mocha variety, and the parent of all 
the present trees, covering an area of about 3,000 acres, was one 
of three small plants, sent out by the Churcrhes of Scotland Mission, 
which survived the journey from the Edinburgh Botanic Gardens to 
Blantyre, and was planted in the mission garden there. About 
100 Europeans are now engaged in this industry. 

The cultivation of the sausevieria fibre has also been started. 
It grows in dry, stony ground all over the country, but especially 
on the rough, rocky slopes in the valleys. The fibre extracted from 
it is very fine and strong, and fetches a good price* It would be 
a valuable adjunct to coffee plantations, as it can be grown on 
otherwise useless land. Also the landolpia rubber vine grows 
well and yields a good supply of rubber, and could be grown in 
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any forest land not required or suitable for coffee. Coffee planters 
ought to turn their attention to these auxiliaries more than they 
do. 

It cannot be said that British Central Africa is a healthy place, 
but, with a sound constitution and the exercise of care, it is not 
dangerously unhealthy. The death-rate is about 8 per cent, per 
annum among the Europeans, but there are so many men who go 
into the country who should not, and who live careless lives, that 
statistics make the country appear worse than it is. The death- 
rate among the employees of the African Lakes Corporation was 
at the rate of 3 out of 70, about 4 '3 per cent, last year, but only 
two of these died of a climatic disease. Malarial fever, in its 
simple form, is common. Dysentery, also, is not uncommon, but 
fatal cases are rare. It is the dreaded blackwater, or hsematuric, 
fever from which so many die. Every one has more or less a 
nervous dread of this form of malarial fever, and it certainly is 
alarming. About 75 per cent, of the cases prove fatal. Fatal 
cases of sunstroke are uncommon. In fact, I may say that, but 
for malaria, the country would be a delightfully healthy one to 
live in, as there are hardly any other diseases from which 
Europeans suffer. Speaking for myself, I was blessed with fairly 
good health during the two years I was in the country. I had 
occasionally low fever, but was never confined to bed with it. I 
took a dose of quinine, 5 or 10 grains, nearly every day, though 
whether that is a good thing to do or not is a debatable point. 
I was careful always to protect myself from the sun with a helmet 
and sun umbrella. I wore woollen underclothing and light tweeds, 
and thus avoided the danger of catching chills, which one is so apt 
to do in linen or cotton clothing. A chill always brings on fever, 
and I do not think the majority of the Europeans there clothe 
themselves sufficiently to protect themselves against chills. Of 
course, people will take fever, however careful they are, but care- 
less people are certainly much more liable, and I know I would 
have had bad attacks of fever if I had not taken great care of 
myself. 

In the foregoing pages I have collected a few facts which strike 
me at this time, and which compose a rather hotch-potch article. 
If I have said anything which is interesting or new to you, the 
pleasure I have in recording these before this Society will be very 
greatly increased. Many books have 'been written on this part 
of Africa, and to those who wish to know more about this part 
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of Africa I can only refer them to the books written by Mr. Scott 
Elliott, Sir Harry Johnston, the late Professor Henry Drummond, 
the late Messrs. Monteith Fotheringham and John Buchanan, 
as well as the books of travel of Dr. Livingstone and James 
Thomson. 
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VI. — The Indian Mints. By William Warrand Carlilb, M. A. 



[Read before the Economic Section of the Glasgow Philosophical Society 

on 2nd March, 1898.] 



It is now a little more than four and a-half years since the Indian 
Mints were closed to the free coinage of silver, and it cannot be 
denied that the object of the measure, in putting a stop to the 
continuous fall in the exchange, has been, to a very large extent 
indeed, achieved. To-day the value of the rupee is nearly Is. 4d., 
while its average value for 1891-92 was below Is. 3d., and this 
though in the interim silver has fallen by another 33 per cent. 
The critics of the measure, however, will tell us, probably, that 
the present value of the rupee is something altogether exceptional, 
that we shall soon see the exchange tumble down again to Is., 
and, as likely as not, stop there. Prophecy is always hazardous. 
At the same time, one may be permitted to point out what facts 
there are that make for a contrary conclusion. They are, briefly, 
the following : — Though during the earlier part of the period that 
followed the closing of the mints the rupee fell heavily, it took an 
upward turn in 1895. Exchange had been estimated in the 
budget of that year as likely to average about Is. Id.; it was found, by 
March, 1896, that it had actually averaged over Is. l^d. Again, in 
1896, the estimate was Is. l|d. ; but in March, 1897, it was found 
that Is. 2|d. had been realised. We shall know in a few weeks 
what the result for the present year has been.* It is quite beyond 
question, however, that it will again show a conspicuous improve- 
ment on last. It seems thus mathematically certain that time 
is all that is necessary to bring up the value of the rupee to 
Is. 4d. — the figure fixed when the mints were closed; though, at 
the same time, there is good reason to believe that many thousands, 
if not millions, may yet be lost by our failing to forestall, by 
administrative action, the operation of natural causes. It is 
worthy of note that the course of events has most literally fulfilled 

* The result is Is. Sfd. 
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the predictions made with regard to it. When the mints were 
closed, it was urged by hostile critics that the measure would be 
rendered ineffective by the rupees that would come out of the 
hoards, or that would come back to the country from lands outside 
India, as soon as the coin acquired a scarcity value. To this the 
Finance Minister replied that whatever trouble was likely to be 
experienced from that cause would be encountered at the outset, 
and that the longer the new system was maintained the less 
would this trouble be felt, that ordinary wear and tear would 
use up several crores of rupees per annum; so that there was 
every reason to expect that the simple stoppage of fresh coinage 
would prove perfectly effective in limiting their quantity and in 
raising their value. In the face of the facts above given, can any 
sane human being deny that it has done so ? Surely, too, the 
presumption is overwhelmingly strong that it will continue pro- 
gressively to do so in the future. The Indian Government, at 
any rate, feel confidently assured that it will. "We believe," 
they say, in their famous despatch of September last, " that our 
difficulties are now nearly over, and that we shall, in the near 
future, succeed in establishing a stable exchange at Is. 4d. the 
rupee, by continuing the policy initiated in 1893." 

The trend of events thus seems to be in favour of the 
probability of the establishment sometime or other of a stable 
exchange at Is. 4d. There is, at the same time, one aspect of the 
situation that may well give the Indian Government grave cause 
for anxiety — that is, the present high rate of interest, and the 
wrong-headed agitation with which it is accompanied. High 
interest is always due to a scarcity of capital ; and to imagine that 
it could be cured by a measure like the opening of the mints, 
which would only increase the currency without in the least 
increasing the capital in the country, is nothing but the stalest of 
fallacies. If it is asked, how is money to be made more plentiful 
in India, there can be but one answer. That can only be done by 
making the tide of English capital set towards the country, 
instead of setting away from it as at present ; and that end again 
can be achieved in no other manner than by bringing about an 
increase of confidence on the part of the public here in the future 
stability of the exchange. The question as to the best method of 
effecting that end I propose to deal with later on. In the 
meantime it may be said that that part of the community in India 
who urge the reopening of the mints are themselves in very large 
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measure to blame for the scarcity of money. Who, indeed, will 
send his money to a country where an important section of the 
Press is urging the adoption of a course that«would make it 
impossible to get back capital invested without a loss amounting, 
perhaps, to 30 or 40 per cent.? Only five months ago the Imperial 
Government itself was contributing towards this impairment of 
confidence by parleying with the American silverites about the 
reopening of the mints, and by thus giving rise in the commercial 
world to the apprehension that any day all that had been done 
towards raising the value of the rupee might be undone again, 
and that the Indian currency might again be allowed to follow 
the fortunes of silver to whatever limitless depths yet lay ahead 
of the metal. The present monetary stringency in India may 
indeed be regarded as a damnosa hereditas from the events of 
September last. It is, however, quite incredible that such a 
measure could be seriously contemplated by any party when they 
came to deal with it at close quarters. Mr. Sauerbeck, the 
eminent statistician, the other day, in a letter to the Times, tells 
us that Russia took last year about a third of the world's output 
of silver with which to replace her one and three rouble notes. 
This year she will take another similar amount, and then she will 
want no more. Another very heavy fall in the value of the metal 
seems thus sooner or later to be impending. It is now at about 
lOd. the rupee ; we may shortly see it at 6d. In such circum- 
stances the reopening of the mints would mean nothing else but 
bankruptcy for our Indian empire. 

As to the high rates of interest now ruling in Bombay and 
Calcutta, we should, of course, greatly exaggerate the character of 
the monetary situation there if we looked upon them as meaning 
the same thing as similar rates ruling at home would mean. The 
normal rate of interest, as determined by the normal rate of profit, 
is, of course, much higher in India than it is here. 1 1 and 1 2 per 
cent, would be panic rates in England; in India they appear to be 
consistent with a degree of general prosperity, as evidenced by the 
returns from railway traffic, from savings banks, and from post 
office business, which cannot but be regarded as amazing in view 
of the appalling experience which a great portion of the country 
has just passed through. At the same time, such rates are beyond 
question a serious evil, and an evil that, it seems to me, it would 
have been possible to avoid. 

If there was, as it now appears that there was, so obvious a 
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resource open for stopping the fall in exchange^ with all its 
attendant dangers and mischiefs, as that of merely declining to 
coin silver into -rupees for anybody and everybody who thought 
fit to bring it to be coined, the question presents itself, why did 
any Government hesitate to adopt iti why, indeed, was it not 
adopted long before? and this, I think, is the question that 
posterity will ask, and, very probably, will ask with open-eyed 
astonishment. We heard a good deal at the time of the closing of 
the mints, and from very authoritative quarters, about the course 
of hazardous experiment that was being entered on by the Govern- 
ment in permitting the cessation of the free coinage of silver ; but 
surely the truth lies rather with the view taken by Mr. Douglas, 
in his pamphlet on the Indian currency, that the Imperial Govern- 
ment had been engaged on a course of most hazardous, and, 
indeed, of most disastrous experiment during the previous twenty 
years, in insisting, in spite of the remonstrances of the Indian 
authorities, that the mints should be kept open, while all the self- 
governing states in Europe had closed theirs. The bimetallists are, 
in the main, right, it seems to me, in their contention that it was 
the legislative changes of 1872 and 1873, rather than a change in 
the conditions of the production of silver and gold, that led to the 
great fall in the value of the former metal. It does not represent 
the case at all accurately, however, to assert that it was the 
French bimetallic law that maintained the ratio. What main- 
tained it was the fact that, while England was a gold country, 
and the Latin Union was bimetallic, Germany, and practically the 
rest of the world, except the United States, was silver-using. It 
was possible, in these circumstances, for France to hold the balance 
between the two metals ; and, no doubt, her law did something to 
maintain the more perfect fixity of a ratio that would in any case 
have remained approximately steady. Occasionally, in the sixties, 
silver went to a premium as compared with gold; and it is 
unnecessary to point out that a law which fixed the price of the 
metal at something under 5s. Id. per ounce could not have had the 
eflfect of sending it up to 5s. 2d. Its rise was due to the fact that 
the demand for silver for export to countries that looked on it as 
money, and where, consequently, one needed silver in order to do 
any business, was greater, at the time, than the demand for gold for 
export to countries that looked on gold as money, and where gold 
was needed to do business. In these circumstances, the circum- 
stances that ruled before 1873 to keep the Indian mints 'open to 
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the free coinage of silver, was a step no more unwise or hazardous 
than it is for us at present to keep our mints open to the free 
coinage of gold. Once, however, that Germany demonetized 
silver and began to put it on the market, the situation was alto- 
gether altered. One after another all the nations of Europe 
grasped the fact that it was altered, and closed their mints to 
the metal. To keep mints open to gold or to silver while 
natural causes were maintaining it on a parity with gold was 
only in name fixing a price for the gold or the silver that 
was coined. The price of £3 17s. lOJd. that we pay for gold, 
it has often been explained, means no more than this, that 40 
pounds troy of gold are coined into 1,869 sovereigns. Once 
the parity between silver and gold was broken, however, keep- 
ing the mints open to it meant something very different. It 
meant that the country that did this was sustaining the 
value of an import against itself. Supposing the market value 
of American wheat was, at any moment, 3s. per bushel, and that 
the English Government were to announce to the world that it 
was a buyer of all that was offered at 5s. per bushel, it would 
surely \)e guilty of an incredible absurdity. It would have done 
nothing more absurd, however, than it actually did in forcing up, 
against itself, the value of American silver, by keeping the Indian 
mints open. To-day, now that silver has fallen to its natural level, 
it has a purchasing power over Indian commodities of a little over 
2s. per ounce. For every ounce of it that is imported into India, 
only about 2s. worth of Indian commodities have to be exported. 
During several years, largely owing to the action of the rulers of 
India themselves, the purchasing power of silver over Indian 
commodities was maintained at something like double that figure. 
For every ounce of it then imported, from 3s. to 5s. worth of 
Indian commodities had to be exported. Between 1873 and the 
closing of the mints. Sir David Barbour estimated that some 
800,000,000 rupees had been lost by the Government. No doubt 
the whole of this sum did not represent a dead loss to the Indian 
community generally. Some part of what the Government, as 
landlord, lost, the ryot, as tenant, gained. The ryot, however, it 
must be remembered, was receiving his gains in a continually 
depreciating medium. If he was something to the good at first, 
owing to the fact that a smaller portion of his produce paid his 
rent than would have paid it if there had been no fall in the 
exchange, he lost heavily afterwards by the depreciation that yet 
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awaited the rupees that he laid aside as sayings. The net loss to 
the Indian communitj, as a whole, by the policy adopted, or rather 
by the failure to adopt earlier a policy that had to be adopted 
eventually, was unquestionably something portentous. "We may, 
perhaps, come at some rough guess as to its amount if we consider 
what the net import of silver into India was between the date of 
the German demonetization and the closing of the mints. It 
amounted to 1, 500,000,000 of rupees. Over 90 per cent, of the total 
import was coined. On the silver imported during the earlier 
years of the period, the loss would be between 8d. and 9d. per 
rupee. On that imported in 1892 it would be about l^d. If we 
take the mean between these two figures, we have an average loss 
of about 5d. per rupee, or something over £31,000,000 sterling 
altogether. It is, of course, a matter of speculation how much of 
this loss was preventable. I am inclined to think that the whole 
of it was. Silver has fallen, in all, from about 5s. per ounce to a 
little over 2s. Suppose the mints had been closed in 1873, there is 
every reason to believe that the fall as far as 3s. 2d., the price in 
1893, would have taken place at once, and if it had, every shilling 
of this £31,000,000 would have been saved to India. When the 
imposition of an import duty on silver was suggested, it was 
vetoed on the ground that silver was the raw material of an 
industry which it was desirable to foster. Surely, however, if it 
were undesirable that the Government should artificially raise the 
price of this material for its own benefit, it was doubly undesirable 
to raise it for the benefit of foreigners. 

If the Imperial Government desired to secure for India the 
inestimable benefits of a depreciating currency, it would have been 
ten times better for it to have set its printing presses to work, and 
to have turned out inconvertible paper by the million, rather than 
to have kept the mints open to the depreciating foreign silver. 
The inconvertible paper would have given all the stimulus to 
production that it was maintained the depreciating rupee gave. 
It would, no doubt, like the depreciating rupee, have disorganised 
business, have altered the basis of contracts, have despoiled the 
wage earner, and have prevented capital from coming into the 
country, but, at any rate, the paper money would have originated 
in India itself, and would not have drained the resources of the 
country for the profit of foreigners. 

Who were then the gainers by India's loss 1 — for certainly the 
wealth that she lost did not vanish into space. We know that 
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Germany, when she demonetized silver, had some £46,000,000 of 
it to get rid of, and that she got rid of about £28,000,000 at ypry 
excellent prices indeed, a great deal of it at very little under 5s. 
per ounce, and none of it below 4s. 2d. That she was able to do 
this was, in large measure, due to the fact that the Indian mints 
were kept open ; and thus no small proportion of India's millions 
found their road straight away into the coffers of the Imperial 
Bank at Berlin. The bulk of the balance, no doubt, gravitated, 
in the end, towards the pockets of American producers of the 
metal. Without having suffered a Sedan, India, and the Empire 
through India, was compelled to hand over to the foreigner a sum 
that was the equivalent of a very respectable war indemnity. So 
much for the system of managing Indian affairs in the interests 
of the human race, and in accordance with the dictates of 
scholastic theory. 

Sir Robert Giffen, in a recent number of the Nineteenth Centv/ry^ 
deals with the subject of the Indian mints. While he does not 
venture to maintain that they ought now to be reopened, he, with 
a curious inconsistency, warmly attacks the course taken in closing 
them. He uses, indeed, some very strong expressions as to what 
he regards as the injustice done to the ryot in having 50 per cent., 
added to his rent, as he puts it, by that measure. As the value 
of the rupee has not risen more than 6 per cent, since 1893, this 
view assumes that the ryot .had a vested interest in its pro- 
gressive depreciation. We are told, too, that the closing of the 
mints was a step at variance with the traditions of the English 
monetary system, and based on no sound economic principles. 
As to the assertion that the measure was out of accord with 
English traditions, nothing is more certain than this, that the one 
thing which the English people have never tolerated any longer 
than they could help it has been a shifting of the par of their 
exchange with other countries, to their disadvantage, owing to 
currency causes. Is it to be imagined for a moment that, if 
England had been in the place of France when Germany demone- 
tized silver, England would have acted otherwise than as France 
did 1 Self-interest is a great sharpener of the wits in such matters. 
If her own immediate interests had been directly concerned in the 
case of the Indian mints, the theorists, whatever their hue, would 
have preached to her in vain about either the "appreciation 
of gold," or the inviolable principle of laisser /aire. When, in 
1695, it was found that every £1,000 sent abroad to aid in 
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William's wars was, owing to the state of the exchange, converted 
into about X700 by the time it reached Holland, our ancestors, 
at first, expressed great indignation, attributing their loss to the 
machinations of the Dutch. They set about, however, to search 
for the cause. Thev found it in the state of their own coinage, 
and promptly proceeded to remedy it. In 1819, again, in spite 
of the Birmingham inflationists, who would have it that it was 
not the bank notes that had depreciated, but gold that had risen 
in value, they resumed specie payments on the old basis, and thus 
again rectified their exchange. In both instances much was 
obscure to them that is plain enough to us. They had to find out 
for themselves, and to formulate the principles that underlay the 
subject. In all that we have entered into their labours. There 
was one thing, however, that, from the first, stood out clear for 
them beyond all question, that was the maxim that English money 
should always be kept in such a state as to be as good as any other 
money in the world ; that, when sent abroad, or converted into 
the medium that had to be sent abroad, it should never have to be 
sent or converted at a loss. As to accordance with sound economio 
principles, it would be strange, indeed, if the following out of such 
principles should lead the state that followed them out into a 
condition in which the amount of its impoiii of any commodity 
would depend not on its own requirements, but on the exigencies 
of the sellers, of those whose aim it was to get rid of the com- 
modity. Yet that was precisely what happened to India with 
regard to silver while her mints were kept open. The less that 
she or anyone else wanted of silver, the more was she forced to 
take. How would such a state of things accord with Ricardo's 
doctrine, which is certainly as well established as any in economics, 
that, under a sound monetary system, imports and exports would 
follow the same course as under a regime of barter. 

In connection with this Indian problem we know that monetary 
history has been ransacked for examples calculated to assist in 
indicating the best method of transition from a silver to a gold 
standard. Has anyone drawn attention to the circumstances 
that attended the transition in England itself 1 Nothing is more 
certain than that we had the silver standard in England 200 
years ago, and that now we have the gold. When and how did 
the change take place, and is there anything in its history that 
will be useful to us in our present circumstances ? The change 
was effected in England — the bimetallists, to a man, will answer, 
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and many monometallists as well — by the Act of 1816 ; but the 
answer will not bear a moment's examination. Let anyone take 
the most cursory glance at the state of monetary matters in Adam 
Smith's day, and he will find that there w&s not then in existence 
anything that eren remotely corresponds to our conception of a 
silver standard. The wonderful thing, indeed, is that, in spite 
of the bimetallism that existed by statute, the state of things that 
existed in practice, and that had existed during nearly the whole 
of the eighteenth century, was precisely similar to that which 
exists among ourselves by statute at the present moment. Adam 
Smith speaks of gold as holding up the value of the silver coin 
just as one might speak of the sovereign as holding up the value 
of the shillings and half-crowns now. The mint price of gold had 
remained for a long period steady at £3 17s. 10|d., and the 
foreign exchanges had, for very many years, been entirely unaffected 
by the state of the silver coinage, and had varied only in accord- 
ance with the condition of the gold and of the , balance of trade. 
If anyone contends that all this does not amount to the existence 
of a gold standard, we need not bandy words with him. It is, at 
any rate, the state of things that the Government are now aiming 
at establishing in India as a gold standard, and with which, if 
they could establish it, every one would be completely satisfied. 
If we had the silver held up in value effectually by the gold, and 
the exchanges henceforth unaffected by anything but the balance 
of trade, we should then have in India all the gold standard that 
anyone wants or aims at. If we go back, however, eighty years 
earlier in English history than the publication of the " Wealth of 
Nations," we find a wholly different state of things in existence. 
Then the guinea went up and down in value as the rupee does 
now ; and then, just in proportion as the silver was depreciated, 
did the foreign exchanges turn against us. It is plainly, then, 
somewhere within this period that we have to look for the true 
transition from silver to gold in England. According to Lord 
Liverpool, the great change came about immediately after the 
guinea had been made legal tender at a fixed rate of 21s., in 
1717. I think there is evidence that, in truth, it came about 
a few years earlier, when the order was issued that the guinea 
should be accepted in payment of taxes at a fixed rate some- 
thing above 21s. in the first instance. That, however, need not 
occupy us at present. How precisely it did come about is a 
question of very great interest, both speculative and practical. 
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We had, at the end of the seventeenth century, silver the un- 
doubted standard, but with the mints open to both metals ; we 
jump a score of years, and then we find that gold is the standard, 
and that silver has become a subsidiary coin ; yet, as far as statutes 
go, nothing whatever is altered. Both metals are still unlimited 
legal tender, and the mints are still open to the free coinage of both. 
Absolutely all that has been changed in the interim is that a 
ratio of exchange between the two has been fixed. The current 
explanation of the phenomenon, in so far as it has been recognised 
as needing explanation, is a rough and ready one. Gold, we are 
told, being overvalued at the mint, ousted silver as the currency 
of the country, by virtue of Gresham's Ijaw ; people thenceforward 
came to measure values in gold; and in the end — a century later 
— ^gold was adopted as the legal standard. But, to begin with, is 
there any truth in the assertion that gold ever ousted silver as the 
ordinary currency of England ? Does it not stand to reason, on 
the contrary, that, with a state of things in existence socially in 
which the working man was drawing wages of ten shillings a week 
or under it, and was being paid weekly, the currency must, to a 
very great extent indeed, have continued to consist of silver 1 If 
we want specific contemporary evidence on the subject, however, we 
have it from Harris. "Writing in 1757, he tells us that, in his time, 
" the great inland commerce of the country was chiefly carried on 
by silver" — that " labourers, handy craftsmen, and manufacturers 
of all sorts" were paid their wages in that metal. What happened 
was : — first, that silver bullion being overrated as compared with 
gold, practically no fresh silver was brought to the mints to be 
coined. The mints were thus closed to silver as eflectually as if 
they had been closed by statute. Secondly, all the heavier silver 
coins were picked out, melted down, and exported. What were 
left, however, must have been no insignificant quantity, if they were 
sufficient to carry on most of the inland commerce of the country 
They were, however, sufficiently depreciated in value by loss of 
weight, to be at any rate not more valuable intrinsically than 
they were nominally, otherwise they would have gone to the 
melting pot. As time went on, they continued to suffer from wear 
and tear, till, by the middle of the century, they had lost from a 
third to a half of their original weight, and were consequently very 
greatly overrated as compared with the gold that was circulating 
alongside of them. Why, then, was not this gold melted down and 
exported, aS; recording to Gresham's Law, it ought to have been 1 
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You had there two kinds of money circulating side by side, and 
both unlimited legal tender. In such circumstances Gresham's 
Law tells us that the overrated money must infallibly oust the 
underrated from circulation. On the contrary here, however, we 
see the overrated money, instead of ousting the underrated, sub- 
siding into the position of a representative money alongside of it. 
The reason plainly enough was that the seller and creditor class 
would not accept the silver coin except in small payments, and 
therefore no one thought of tendering it to them in large payments. 
The weak point of Gresham's Law is that it assumes that this 
class will always remain completely passive, and accept whatever 
is given them without demur. "We often think of the device of 
fixing the nominal value of the subsidiary coin at something a little 
above its metallic value, in order to prevent its export, if silver 
should rise in the market, as an ingenious suggestion of Lord 
Liverpool's. The truth was that nature had done this already long 
before Lord Liverpool's day. He had merely to copy the system 
that nature had established. The only true sphere of legislation 
in monetary matters indeed appears to be thus to follow nature. 

The failure of Gresham's Law to operate in this instance points 
plainly enough to the conclusion that the law itself is only true 
in certain circumstances and within strict limitations, and that, 
stated in its ordinary rigid and absolute form, it is no better than 
a fallacy. Mill thus states it, for instance, when he says that 
" Where there are two legal standards, that one of the metals will 
always be the standard of which the real has fallen below the 
rated value." If this were true, if it were true that Gresham's 
Law determined necessarily not only the currency, but the standard 
of value in a country, then we should surely have found that the 
metal which was steadily on the down grade since early in the 
middle ages, and was consequently continually falling below its 
rated value, would have in the end definitely supplanted the 
other as the general standard of the world. The very contrary, 
we know, has happened. Gold has almost always in modem 
history been rising in value as compared with silver, and now it 
is gold, and not silver, that has become the universal standard. 
From the point of view of pure theory, too, the doctrine that the 
poorer money always ousts the better has, as observed, a manifest 
weak point. It involves the assumption that it lies absolutely 
and entirely with the debtor class, the class who have payments 
to make, to say what the money of a country shall be. That 
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this should be so is contrary to all experience. It is the creditor 
class, the class who have payments to receive, who in such 
matters are in the end always masters of the situation, and for 
this there is a very obvious reason, viz., that the money in which 
payments for goods are to be made, or in which money lent }a to 
be repaid, is ordinarily determined on before the creditor becomes 
a creditor at all, and while the goods are still in his warehouse, or 
the money is still in his till.^ 

If this is so, however, it may be asked, how then does 
Gresham's Law ever come into operation at all? To answer 
that question, and to get any grasp of the true theory of money 
generally, it is necessary to advert to the distinction which was 
drawn by Adam Smith between " the two branches of money," as 
he called them, and which was dwelt on somewhat more in detail 
by Tooke, one of the very foremost names, to my thinking, 
in modem economics, but which appears to have been lost sight 
of, more than it ought to have been, in recent discussions. ** The 
circulation of every country," says Adam Smith, " may be con- 
sidered as divided into two branches — the circulation of the 
dealers with one another, and the circulation between the dealers 
and the consumers. . . . The circulation between the dealers," 
he goes on to say, *' as it is carried on by wholesale, requires 
generally a pretty large sum for each particular transaction ; that 
between the dealers and the consumers, on the contrary, as it is 
generally carried on by retail, frequently requires but very small 
ones." There is thus a difference between large and small pay- 
ments that is, in the main, not only one of degree, but also of kind. 
The one are the payments of trade and production, the other the 
payments of consumption, and this difference is of prime importance 
in connection with the theory of the standard of value. It is in 
regard to retail payments alone that Gresham's Law operates, and 
the reason is obvious. The shopkeeper who accepts currency for 
his wares thinks, and is ordinarily justified in thinking, that, 
whether the money that he takes is liable to depreciation or not, 
the chances are greatly against its so depreciating while it is in 
his possession as to affect his interests. He has, too, to face the 
competition of other shopkeepers whose goods are for sale at the 
same price as his own. In such circumstances it is the buyers' 

♦ c/. Mr. Edward Atkinson's answer to question d3,l76. — Evidence given 
before the Commission on Agricultural Depression! 
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money, whatever it is, that tends to become the general medium 
of exchange, so far as the transactions to which it is applicable go. 
With the payments of wholesale trade the case is altogether 
different. Being large sums, their intrinsic value comes to be all 
important to those who have to accept them. A great many of 
such payments are the payments of foreign trade, and the money 
to be paid must, of course, in that case have a value not in one 
country only, but in any part of the world, otherwise the vendor 
stands to lose directly and immediately by taking it. Even when 
that is not so, the man who receives a large sum knows that he 
may have to keep it by him for a long time, and therefore will 
not accept a description of money that is liable to fall in value, 
unless indeed he compensates himself by asking more of it than 
he would accept of the sound money. Thus, whatever sort of 
money it is that actually changes hands, the bargain is sure to be 
made in the most trustworthy medium. It is in the wholesale 
trade, however, that the prices of commodities are all really fixed. 
The retail seller, as a rule, merely takes the prices as they reach 
him, and adds a uniform percentage; and thus the medium of 
wholessde trade, being that in which values are determined, 
cannot fail to become the true standard of value. The main 
channel which connects the two branches of monev, the retail and 
the wholesale, is to be found in the weekly payments of wages to 
the labourers engaged in production, and, if there are two sorts of 
money in a country, a worse and a better, the wage- earner is 
quite certain to be paid in the worse. It is, no doubt, greatly 
against his (the wage-earner's) interests in the long rim, and as a 
body, to accept the worse, but it does not appear to be so in 
regard to any individual transaction. The class indeed, as a rule, 
in any state, are ordinarily found to be in favour of "cheap money," 
as they call it, unless it chance that they have had a bitter 
experience of its working, and have become intelligent enough to 
connect cause and effect. The wage-earner, at any rate, usually 
accepts the worse money without demur, and through his 
expenditure it is that it finds its way through all the retail 
circulation. 

Perceiving this, and holding, most justly, that the very first duty 
of the rulers of a state is to see to it that there never shall be two 
sorts of money — a worse and a better — circulating together in the 
country, Locke, and after him Harris, laid it down that silver was 
the only suitable standard of value, as it certainly was the only 
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medium in which both large and small payments could be made. 
When Locke wrote, however, the possibility of keeping even a 
token coinage on a parity with gold was something as yet undis- 
covered in the world. In view of this discovery, which has of late 
years received a very ample extension, Locke's principle, while 
being firmly maintained in substance, may be varied in form. 
The doctrine which, in the light of modern experience, he himself 
would, no doubt, have laid down would be this — that in any country 
the medium of small payments must either be made to consist of 
the same substance as that of large, or else must always be kept 
convertible into it at a fixed rate and without the smallest loss. 
If that end is secured the wage-earner is just as efficiently protected 
as if all the money of the country consisted of the very same 
substance. . 

This view of monetary theory leads to conclusions which have 
an intimate practical bearing on the subject under consideration, 
and these I will endeavour briefly to set forth. It is important, 
in the first place, to recognise that the true historical order in 
changes of monetary systems is this — that the standard changes 
first, then the currency. The usual theory reverses this order. 
Under the operation of Gresham's Law, we are told, a change of 
currency comes about, and thereupon, in time, follows a change of 
standard. This theory can, no doubt, claim high authority in its 
support, but what, I should like to know, would its adherents 
make of the case of a country like Java, where the standard is 
universally acknowledged to have changed, but where the currency 
has remained absolutely without any change whatever. Such a 
case surely makes it clear, at any rate, that the standard can change 
antecedently to a change of currency, or, indeed, altogether without 
it. Java, with its mother country, Holland, has been on a gold 
basis for more than twenty years past, yet this is the account 
which a Mr. Kensington, an Anglo-Indian gentleman who visited 
the island in 1892, gives of his experiences there. He had been 
told that, though the country was a gold standard country, the 
people there neither knew nor saw anything of gold, so, from 
curiosity, he obtained a few ten-guilder gold pieces, the legal 
tender of the island, and proceeded to experiment with them. 
He found that they were accepted at railway stations without 
demur ; that they were accepted, but with exclamations of astonish-' 
ment, at a Dutch shop in the principal street of Batavia; and that 
they were altogether declined at a bazaar 200 miles up country* 
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It seemed clear to him that '^ the great mass or the people neither 
knew nor felt the existence of the gold standard in any way." 
Was the gold standard in Java, therefore, nominal and meaning- 
less ? Assuredly it was not. The whole character, not only of the 
internal and external trade, but of the internal currency, was 
revolutionised by it, though the majority of the people who used 
it were quite unaware of the fact. It saved the country from 
the trouble, the anxiety and the disastrous loss, which the depre- 
ciating rupee entailed on India, while the peasant and the wage- 
earner could lay aside their savings in the ordinary currency with 
the same security against its value becoming a vanishing quantity 
as the labourer in Sussex or Middlesex, who lays aside his savings 
in sovereigns, is entitled to feel. 

We see what a subtle thing, then, the standard of value is. 
Anyone can tell us what the currency of a country is. He can 
bring us specimens of it, indeed, in his hand ; but if we ask what 
the standard is, it is often a case of qu^t homines tot sententice. 
Yet it is of the utmost importance to the scientific treatment of 
the subject to discover a test by the application of which we can 
say definitely whether in such and such a country, and at such 
and such a date, gold was or was not the standard of value. If 
we ask on what ground do we feel justified in asserting that Java 
possesses the gold standard now, though her people know nothing 
about it, and use the same currency as they did when the country 
had the silver standard, we can certainly answer that we regard 
the standard as being gold, because the silver currency is convertible 
into gold (though only directly convertible for the purposes of 
external trade), and because her exchanges are no longer affected 
by anything but gold and the trade balance. It may then safely 
be laid down that, when the currency of a country is convertible 
into gold at a fixed rate, and when silver no longer affects its 
exchanges, then it has a gold standard. If we go on from this, 
however, to argue that the converse also holds good — that whenever 
the exchanges of a country are affected by fluctuations in the value 
of the internal currency which is something else than gold, that 
country has not a gold standard. — then we are met by a difficulty* 
During the Bank Restriction we know that people came to measure 
values in bank notes, and that both the market price of gold and 
the foreign exchanges went up and down in accordance with the 
quantity of notes out, and with the credit they enjoyed 3 yet who 
doubts now that gold was in truth the standard of England at the 
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time 1 Who gives in his adhesion now to what Fox described as 
the '^ fantastic doctrine " that the printed promises to pay gold 
were the standard by which the value of gold itself could be 
measured ? We have thus to seek for some other criterion. The 
only possible one is to be found in the answer to the question 
whether the money of the country's wholesale and foreign trade 
is gold or not.^ If that has to be answered in the affirmative, 
then the customary standard of the country must be regarded as 
being already gold, and we may reckon, sooner or later, on finding 
a demand arise for legislation to bring the legal standard into 
conformity with it. Harris, in the middle of the eighteenth 
century, stoutly maintained that the standard of England was 
then still silver, and not gold. He admitted that the standard 
of the merchants was gold, but contended that that had nothing 
to do with the matter. The course of history has shown, however, 
that the legal standard of England had very soon afterwards to 
be made to conform itself to the standard of the merchants — 
that is, to what had already become the standard of wholesale 
trade. The first business of the legislator in monetary matters 
is to ascertain what is the customary standard of the country 
whose affairs he manages, and his next should be to take steps, 
with as little delay as possible, to make the same substance the 
nominal standard also, and to bring the subsidiary currency into 
conformity with it. 

If we apply this test to the case of India, we are brought to the 
remarkable conclusion that never, in our time at any rate, was the 
standard of the country anything else but gold. This, indeed, is 
the opinion of Mr. Douglas, who approaches the question equipped 
with intimate practical knowledge of all its details. The parity 
maintained between silver and gold before 1873, by the fact that 
half the world was silver using, assisted by the French bimetallic 
law, effectually linked the retail money of India to the medium of 
its external trade. The rupee, under the old regime, was 
practically just as much a two-shilling piece as the florin is, and, 
unquestionably, it should have been kept at two shillings, as the 
Dutch guilder in Java was kept at its old parity. It is the per- 
ception of this truth that has made so many Anglo-Indians 
bimetallists. They have felt instinctively that the link ought 
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never to have been dissevered, and have grasped, consequently, at 
any project that professed to provide a means of renewing it. It 
is useless, however, to dwell on the past. The practical question of 
the moment is: — Can this link be renewed now ; not, of course, at 
the old rate of two shillings, but at the present market value of the 
rupee, at or about Is. 4d. The whole tenor of the above reasoning 
points to the conclusion that the proper course to be taken in order 
to renew the link would be, in the first place, to recognise the facts 
as they stand, to recognise that gold is already the standard of 
India, and to lose no time in making it the nominal standard as 
well. No better gold unit need be looked for than the English 
sovereign, and it should at once be made unlimited legal tender, 
and should have the mints opened to its free coinage. That being 
done, the next step that ought to be taken should be to make it 
the money of account in all Government business. All fixed pay- 
ments in rupees due to the Government should then be converted 
into payments in pounds sterling, at the present market value of 
the rupee, or very close to it. The precise rate might be a matter 
for enquiry. To me it seems clear that the ideal rate of 15 rupees 
to the pound would be open to no objection. If, in these circum- 
stances, a peasant's present rent was 15 rupees per annum, after 
its conversion he would, of course, continue to pay 15 rupees if he 
pleased, but his payment would then be called a payment of £1 
sterling. It should next be notified that henceforward the rupee 
would be received in all payments that became due to the State at 
a fixed value of Is. 4d. By adopting this course we should be 
creating' a state of things in which a number of rupees, amounting 
to about four-fifths of the total circulation, would be annually, to 
all intents, redeemed in gold, at the par of 15 rupees to the 
sovereign, by the simple fact of their being received at that rate 
in the payment of taxes. There can be no doubt that that measure 
alone would efiectually maintain the value of the rupee at the 
figure desired, without the accumulation of a shilling of gold 
reserve, or the adoption of any other precaution whatever. The 
fixing of the rate at which money shall be received in the payment 
of taxes has, throughout economic history, been found to be the 
most potent of all means which the State possesses for regulating its 
value. It was the announcement that the guinea would be so 
received in England that altered the whole situation there at the 
beginning of the eighteenth century. What was then intended 
was, of course, to fix the value of the guinea in the old standard — 
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silver. What was done was really to fix the value of the silver 
coins in the new standard— gold. Instead of the dog wagging the 
tail, it was the tail that, in the end, assumed the upper hand, and 
wagged the dog. No one dreamt then, of course, either of 
accumulating a silver reserve to redeem the gold, or a gold reserve 
to redeem the silver. When no liability is assumed, there can be 
no occasion for a reserve to cover a liability that does not exist. 
Turkey, a country from which we do not ordinarily think that we 
have much to learn, seems to have glided almost unconsciously 
into the use of the gold standard, like England in the eighteenth 
century, and to have maintained the silver medjidie at double its 
metallic value by simply closing her mints to silver, and allowing 
the gold coins of England and France to be used as unlimited 
legal tender. If it is objected, how would the system stand the 
strain of an unfavourable balance of trade i one may ask in reply, 
how would the present system stand it ] India only meets her 
outside gold obligations now without a gold reserve, because she 
never has any actual gold, on balance, to send away, the balance of 
trade being uniformly in her favour. The new system would in 
that respect be, at any rate, as good as the old. In regard also to 
the protection of the note circulation, the rupees, maintained at 
Is. 4d., would, at any rate, be as efficient as they are at present. 
To provide against a possible internal drain of gold, it would be 
desirable, in the meantime, no doubt, to imitate the practice of the 
Bank of the Netherlands, and to engage only to provide gold for 
export, and only in the event of the exchanges indicating that gold 
for export was needed. With that provision in force, experience 
points to the conclusion that, as in Java, practically none would 
be demanded. India, at any rate, it is plain, does not escape one 
shilling of her gold obligations because she has not formally 
adopted the gold standard, nor could its formal adoption make 
them, in the smallest degree, more onerous, or in any way more 
difficult to liquidate. 

Professor Laughlin, in his " History of American Bimetallism j'* 
has occasion to remark that it had been a great puzzle to many 
people to understand how it was that the silver dollar, and the 
silver certificates based on it, which are not redeemable in gold, 
are, nevertheless, maintained at par with United States notes, which 
are« Among the reasons which he assigns as accounting for the 
fact, he lays the principal stress on this — that the statute ordains 
that these certificates *' shall be receivable for customs, taxes, and 
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all public dues." This he regards as one of the most important 
proTisions of the Act, and justly remarks that it is as a species of 
daily redemption of the silver dollar. 

Though it was a far wiser course to close the mints, even with- 
out following up that step by any other legislation, than it would 
have been to let things run on in the old groove, still the decision 
to confine administrative action to that step alone was due, I 
think, in some degree to a false diagnosis of the disease to be 
cured. The Indian Government and the Herschell Committee 
seem to have come to the conclusion that the depreciation of the 
rupee bore a closer analogy to depreciations due to excessive 
issues of inconvertible paper than was, as a matter of fact, the 
case j and they consequently decided that the first, perhaps the 
only, necessity was to reduce the quantity of the currency. This, 
time and the closing of the mints, they satisfied themselves, would 
effect. The interesting fact, however, had been, even in 1892, 
established by Mr. F. C. Harrison, a member of the Iijdian Civil 
Service, in a series of papers contributed to the Economic Journal^ 
that the Indian circulation had not expanded at all between 1873 
and 1886, and that it had only very slightly expanded between 
1886 and 1893. An immense quantity of silver was coined 
indeed, but more than three-fourths of it was immediately after- 
wards melted down and made into ornaments. This fact seems to 
point to the desirableness of a different sort of remedy from the 
mere reduction of the quantity of rupees in circulation. The 
cure may be possible by that method, but the method may not 
for all that be the right one — the one which would effect the 
cure most rapidly and most painlessly. The principle that 
underlies the policy of the closure of the mints may be stated 
thus : — There is some point in the progressive reduction of the 
circulation at which the rupee will reach the value of Is. 4d., and 
the maintenance of the status quo will, in time, bring down the 
circulation to that point. What is forgotten, however, is this, 
that this point is not necessarily the same in one set of circum- 
stances as it Inight be in another. If there is such want of confi- 
dence in the future stability of the value of the rupee that every » 
one is afraid to keep the coin in his possession more than a day, 
then the point where the redundancy ceases might be found, let 
us suppose, at a limit of 100 crores of a circulation ; whereas, if 
people could feel confident that its value would be steadily main- 
tained, then their own change of attitude towards it would very 
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largely assist to keep it out of circulation, and would thus fix the 
point where the redundancy would cease at a much higher figure, 
perhaps at 150 or 200 crores. If confidence in the coin were 
estahlished, for example, agriculturists would not hesitate to lay 
rupees aside after harvest, and to keep them hy them for the 
requirements of the winter, and that itself would be equivalent to 
an important reduction of the circulation, and one, too, which 
would take efiect especially in the slack season, when it would be 
most opportune. If, then, a great market were created for the 
rupees at a fixed ratio to the pound, by their receipt in the pay- 
ment of taxes, that itself would, beyond question, establish the 
required confidence, and would be sufficient to remove all danger 
of redundancy. 

The suggestion, however, that the mints should be opened to 
the free coinage of gold, and that gold should be made unlimited 
legal tender in India, will be met, no doubt, by the objection that 
if that is done, then a further drain will be made on the gold 
resources of the world, and what is called its ** appreciation " will 
be enhanced. To this a variety of replies suggest themselves. In 
the first place, one may ask, is there anything at all in this 
appreciation of gold theory ? Does anyone seriously believe that 
gold is scarce, and is getting scarcer, in the face of the palpable 
fact that all the owners of it are competing with each other to 
lend as much of it as they can on anything like decent security, 
at 3 per cent, or under. In all the course of history it never 
was so plentiful. To my mind, instead of setting about to ex- 
cogitate plans for keeping gold out of the Indian currency, while 
adopting it as the standard, we should rather be considering how 
most efiectually to make it enter as largely as possible into that 
currency. The appreciated rupee may be made to work well 
enough in time of peace. It is, however, unquestionably a danger 
in time of war. If Russia were to invade India she would 
have occasion for the use of many millions of rupees, and it is not 
probable that she would buy them from us at Is. 4d. when she 
could manufacture them for herself at a cost of 9d. Again, how- 
• ever, it must be asked, would the adoption of the system tend in 
any way whatever to increase the strain on the gold resources of 
the world, supposing that to be an evil? Once it was fairly 
established, on the contrary, it might be possible to draw no incon- 
siderable proportion of the X270,000,000 of gold that lies hoarded 
in India into the general circulation of the world by giving a 
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fractional advantage to payments of rents and taxes in gold as 
compared with similar payments when made in rupees. Falling 
silver money meant, of course, rising gold, and, so long as the fall 
in the rupee lasted, that fact formed a steady inducement to the 
hoarding of gold. 

If, however, the bogey of gold scarcity still refuses to be laid, 
then it may be said that there does not appear to be any reason 
why the features of Mr. Probyn's or Mr. Lindsay's schemes, which 
would confine the actual use of gold to the wholesale trade, could 
not be adopted equally well after gold had been made the formal 
and nominal standard as they could before. The essential matter 
is that gold should be made the money of account for the country, 
the nominal as well as the real standard of all computations. 
Without that, the redemption of the rupee circulation, at a fixed 
rate in gold, by its receipt in the payment of taxes, would, of 
course, be iinpossible. 

The closure of the mints and the experience that has been gained 
since have served, at any rate, to clear the course for future action. 
Time has disposed of one fancied difficulty that loomed very large 
in the eyes of economists five and twenty years ago, the supposition 
that any scheme involving the limitation of the rupee circulation 
would be upset by illicit coinage. People, too, quite recently, have 
come to know much better what it is that they want than they 
did even a short time ago. The discussions of the present year 
have tended in a marked manner to bring this about. There is 
no talk now of raising the rupee to two shillings again, as it was 
contended that the adoption of bimetallism at the old ratio would 
have done. That, it is seen, would be hardly a less evil than its 
fall by an equivalent amount. The sole aim of all practical men 
who have to deal with the subject now is to fix it permanently at 
Is. 4d., and all that has in truth now to be considered is how best 
to effect that object. 

One further point in connection with the standard of value 
seems worth touching on in conclusion. If it be true, as I have 
endeavoured to show, that the manner in which changes in a 
monetary system come about is — that, first, the money of wholesale 
and foreign trade changes its character, and, next, that legislation 
comes to be demanded, and should indeed forthwith be adopted, to 
make the internal money conform to it, then it is obvious that 
there must always be an underlying unity between the moneys of 
nations that have intimate and extensive trade relations with each 
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other, and that there must always be a tendency at work in the 
direction of making that unity more explicit and more complete. 
Sir Robert Giffen's doctrine, as laid down in the article in the 
Nineteenth Centv/ry already referred to, that before the closure of 
the mints India had one good automatic money, while England 
had another equally good, though wholly different from it, is a 
doctrine that bears its own refutation on its face. The bimetallists 
are perfectly right in their contention that the money of any one 
country can never be viewed as something apart from that of the 
rest of the world. The change from the silver to the gold standard 
in England appears to have originated in connection with her 
internal wholesale trade, before her foreign trade had yet become 
an important element in her economy ; and its subsequent history 
gives us a striking view of the monetary predominance of Great 
Britain in the world. Mommsen speaks of the existence of a law 
in the development of nations as unfailing in its operation as the 
laws of physical nature itself, under which a community, with a 
strongly organised system of government, chancing to find itself 
situated in proximity to loosely organised nationalities, inevitably 
annexes and absorbs them. There appears to be a parallel law in 
operation in the monetary sphere. England, for over a century 
past, has possessed a highly organised system of credit and bank- 
ing, while that of the rest of Europe remained till recently, 
comparatively speaking, in a primitive condition. London thus, 
as we know, became the clearing house of the world. The teas 
of China despatched to New York, and the cottons of America 
despatched to Calcutta, were alike paid for by sterling bills on 
London. Sterling thus became the medium practically of all the 
payments of the largest description everywhere, and the media of 
internal trade are now consequently everywhere being made to 
conform to sterling. This stormy, misty island of the Atlantic 
has given, or is giving, her language to a sixth of the human race; 
her constitution, in essentials, to a still larger proportion; and her 
standard of value to the whole of it. 
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VII. — Lord Kelvin's Patents. By Dr. Maoscb Maclkak. 



[Read before the Society, 23rd Febnwry, 1898.] 



§ 1. There are altogether 47 patents from 20th February, 1858, 
to 23th September, 1896, a period of 38 years. All of them caa 
be conveniently classified under four heads: — 

A, Patents relating to improvementB in electric telegraphic 
apparatus, 

B. Patents relating to improvements in navigational apparatus. 
G. Patents relating to improvements in generating, regulating, 

measuring, recording, and integrating electric currents. 

D. Patents relating to improvements in valves for fluids. 

§ 2. Under the first head (A) there are 1 1 patents containing 
(1) 211 pages of descriptive reading, and (2) 24 large sheets having 
127 separate figures or dii^rams, as shown in the following tabular 
statement: — 



Feb. 20, 1858 
Aug. 19, 1S58 
May 19, 1871 



Nov 


?a 


1870 


NotaUowed 




31- 


is-1 


July 


ai 


1871' 


Mar 


"fl 


1871 


Void. 


June 12 


,m 


TV..- 




1873 


Mflr 




1S76 


Sept 


i:( 


1876 






mn 


Sept 


aa 


1896 



ImprovementB in testing and work- 
ing electric telegrapm. 

Diaclaimor. 

ImproTements in the meoDB of 
telegraphic communication. 

Improvements iu olcctrio tele- 
graphs. 

ImprovementB in receiving or re- 
cording inatrnnienl^ for electric 
telegraphs. 

Improvements in electric telegraph 
transmitting, receiving, and re- 
cording instruments, and in 

Improvements in transmitting, 
receiving, and recording instru- 
menta for olGutrio telegraphs. 

Improvements in clocks and 
iipparatufl for giving uniform 

Improvements in telegraphic ap- 

Improvements in telegraphic ap- 

Improvemonts in rooording instru- 
ments for telegraphic and other 
purpoacs. 
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Fleemiiig Jenkin was associated with Lord Kelviii in patents 
2047 and 2086, and Oromwell Fleetwood Varley was associated 
with him in patent 1784. 

§ 3. Under the second head (B) there are 10 patents contain- 
ing (1) 89 pages of descriptive reading, and (2) 27 sheets having 
151 separate figures or diagrams, as shown in the following 
tabular statement : — 



1 


DatoDlprovkilonal 




1 


1 


li 


B 


Sporlflcntion 
and of compLolc 


nilc of Falent. 


'S 


■s 


?* 


1 


SpcQlficdW™. 




1 


1 


jS 








Z 


!S 




1339 


Mar. 29, 1876 
Sept. '27, 187e 


compasB and in the meanB of 
aBcertainiiig and correoting its 


12 


2 


20 


1339 


Nov. 30. 1877 


alteration. 


S 


- 


- 


3452 


Sept, 1, 1876 
Mar. 1, 1877 




8 


1 





4ST6 


Dee. 18, 1876 
Juno lo, 1877 


Improvements in the mariner'a 
eompaaa and in appliances for 
ascertaining and correcting its 


17 


i 


22 


679 


Feb. 20, 1879 
Ang. 20, 187B 


Improvemeata in tha nmi'lner's 
compass and in appliances for 
correctiug its errocs. 


8 


2 


15 


7S1 


Feb. 23, 1880 
Aug. 23, 1880 


Improvements in navigational 


IS 


7 


31 


5675 


Dec. 3, 1SS3 
June 7, 1884 




7 


^ 


12 


5676 


Deo. 8, 1883 
June 7, 1B84 


Improvements in the .mariner's 
oompasa and in the means for 
ascertaining and correcting its 


5 


S 


12 


12240 


Oct. 14, I8G5 
July 12, 1886 


An improved navigational sound- 


e 


2 


24 


8959 


June 10, 1690 
Mar. 10, 1891 


Improvements in the mariner's 
compass. 


3 


" 


6 



§ 4, Under the third head (C) there are 24 patents containii^ 
(1) 177 pages of descriptive reading, and (2) 123 sheets having 
287 figures or diagrams, as shown in the following tabular 
statement ; — 
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Jan. 


9 


1832 


IVr 




ISSI 


Judo 


'IS 


lS8Li 


Apri 


21 


1SS3 




aj 


186d 


Kept 


9if 


ISfi3 




'■jn 


:SH4 


Mnr. 


in 


1SS4 


(Irt. 




IKH4 


Mnr. 


22.1884 


Nov. 


1(1 


1HK4 


Mnr. 




im 


Oct. 


2H 


iHH4 


jQly 


24 


18R4 


AptU25 


ISHfl 


Aup. 


" 




May 


V 




.PniT 




IHHfi 


Apn 


a 


IHIjV 



15769 

1004 
18436 



24471 
24979 



July 7, 18B0 

Jan. 20, 1891 

Out 20, 1891 

Oot. 27, 1891 

July 22, 1892 

May 30, 1892 

Jaly 3, 1892 

Feb. 1, 1893 

Nov. 1, 1893 

Feb. 1, 1893 

Feb. 1, 1893 

Mar. 17, 18R3 

Deo. 16, 1893 

Dec. 20, 1893 

Oct. 20, 1894 

Dec. 29, 1893 

Dec, 29, 1894 



ItnproTementa in regulating electric 
oarrciitB, and in the apparatus 
or meana employed thereio. 

Impcovemeuta in dynamo- elaotrie 
iDacbinery, and apparatus cod- 
netted tbereiritb. 

Iinprovetnenta in apparatus and 

tproceasca for generating, rega- 
ating, and measuring electric 
ourrentB. 

Apparatus for generating, regu- 
lating, measuring, recording, and 
integrating electric currents. 

New or improved Bnapensiona for 
electrical incandescent lamps. 

IroproTamanta in dynamo-electric 
machinery. 

Improvements in breakiug electric 
contact to prevent over-heating 
by imperfect contact. 

Saiety fuses for electric circuits. 

Improvements in apparatus for 
measuring electric currents. 

Improved apparatus for meaauring 
the efficiency of ftTl electric cir- 
cuit. (Amended Oot, 4, 1897.) 

Electrostatic apparatas for measur- 
ing potentials. 

&n improved amperegaugc and 



Apparatus for measuring and 

recording electric currents. 

(Allowed to lapse.} 
An improved indicator for electric 

potentials. 
Improved apparatns for measuring 

and recording electric currents. 
An improved electric condenser. 

3mprovementfl i 



I balances, 
for measuring elec- 



Imp m t io instruments for 

m mg leotric currents. 
Imp m t in apparatus for 
d t g nd recording electric 
ppiy 



\ \ \ 
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James T. Bottomlej was associated with Lord Kelvin in 
patent 10530. 

g 5. 0nder the fourth head (D) there are two patents containing 
(1) 10 pages of descriptive reading, and (S) eight sheeta having 
25 aeparate figures or diagrams, as shown in the following tabular 



■3 

! 


DalcotprotULonol 
SpcclHeatlnn 

SpedSratlon. 


„,.„„-, 


1 

1 

1 


1 

1 


1 


6471 


Mar. 30. ISafl 
June 8. 1889 
Mai'. 4. 18S1 
Dec. 3, 1801 


Improvements in valves for water, 
Bteara, or other lirmids or gases. 

Improvoments in valTea for water, 
Bteam, or other liquids or gasea. 


6 


3 

5 


3 
17 



There are, up to 28th September, 1896, 47 patents containing 
(1) 487 pages of deserlptiTe reading, and (3) 182 sheets having 
590* separate figures or dic^ams. 



§6. TTnderthe&rstbeadreference was made to the "retardation" 
occasioned in electric impulses through long submarine cables bv 
"electrostatic capacity," aud the necessity of having a receiving 
instrument so sensitive as to be able to indicate or record con- 
tinuously every variation in the strength of the received current. 
The mirror galvanometer and the siphon recorderf, which were 
briefly described, fulfilled these conditions. 



g 7. TTuder the second head, the sounding machine, the depth 
recorder, and the compaaa,! were exhibited and described. The 
three principal errors to be corrected in the compass — viz., the 
semicircular, the quadranta], and the heeling errors were referred 
to, and the methods by which these are corrected in the Kelvin 



* The number of si 
cases the diagrams or 
counting are reckoned as one. 

-I- For details see Kelvin's ' ' Mathematical and Physical Pajiera," Vol. II. 

% For details see Kelvin's " Fopnlar Lectures." 
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compass were explained. Short reference was also made to the 
tide gauge, tidal harmonic analyser, and tide predicter. 

§ 8. Under the third head reference was made (I.) to electro- 
meters (§§ 10-28); (II.) to electromagnetic instruments for 
measuring currents and differences of potentials (§§ 29-45) ; (III.) 
to electrodjnamic instruments for measuring currents and 
differences of potentials (§§ 46-59); and (IV.) to instruments 
arranged for recording and integrating electric currents (§§ 60-61) 

I. — Electrometers were divided into two classes (a) symmetrical 
electrometers, and (b) attracted disc electrometers. 

(a) 1. Quadrant electrometer.* By the heterostatic and 
idiostatic arrangements differences of potentials from j^ "v^olt to 
100 volts can be accurately determined by this instrument. 

2. Multicellular electrometers (40 to 1,600 volts) and dial elec- 
trostatic voltmeters reading to 2,400 volts. 

3. Vertical electrostatic voltmeters (200 to 20,000 volts). 

(b) 1. Absolute electrometer. 

2. Long-range electrometer. 

3. Portable electrometer. 

4. Electrostatic balance (5,000 to 100,000 volts). 

II. — 1. Graded current galvanometers reading from ^^^ ampere 
to 200 amperes. 

2. Magnetostatic current-meters reading from xir^iriF ^i^pere 
to 300 amperes. 

3. Ampere-gauges reading from J ampere to 6,000 amperes, 

4. Graded potential galvanometer reading from a small 
• fraction of a volt to 200 volts. 

III. Standard direct reading electric balances, reading from 1 
centiampere to 10,000 amperes. 

* For details see Kelvin's ** Electrostatics and Magnotism." 
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IV. — 1. Recording voltmeters and ampere-meters. 
2. Electrricity supply meter. 

§ 9. DeBcriptions of some of the instruments under the tiiird 
bead appear in the Proceedings of the Society as follows : — 

Vd. IV., 4th January, 1860. — Water dropper, divided-ring 
electrometer, and portable atmospheric electrometer. 

VoL XVIII., 20tii April, 1887.— Vertical electrostatic volt- 
meter, marine ampere-meter, and marine voltmeter. 

Vol. XIX., 4th February, 1888.— New composite electric 
balance. 

Vol. XXIV,, 30th November, 1892.— Ampere-gauge, electri- 
city supply meter, and large dial voltmeter. 

The following is a short description, collated and amended from 
different sources, of some of the most important electrical instru- 
ments, under the third head, invented and perfected since 1888 : — 

C (I.).— ELECTEOMETEES, §§ 10-28. 

Tee Electrostatic Voltmeters. 

g 10. These voltmeters have the great advantage of being avail- 
able as accurate measures of potential on direct and alternating 




Pia. 1.— Mnlticellnlar Electrostatic Voltmeter. 
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systems, and, being electrostatic, they use no current, and conse- 
quently require no temperature correction. They are, therefore, 
free from the causes of error so prevalent in instruments of the 
electro-magnetic type, whose accuracy is impaired by rariations of 
temperature, and which, when used on alternating systems, are 
affected by errors due to self-induction varying with the period of 
alternation. The chain of electrostatic voltmeters measures from 
40 to 100,000 volts, and is composed of three distinct types — viz., 
the multicellular electrostatic voltmeters, the vertical electrostatic 
voltmeters, and the electrostatic balance. Two types of the multi- 
cellular instrument are made — one with a horizontal scale for 
laboratory use, the other with a vertical scale and dead-beat 
action for engine-room use. The ranges of the separate instru- 
ments, as usually made, are : — 

• MulticeUukr electrostatic voltmeter { ^ J^nge t^, Iw 

range 60 „ 240 

best of range 70 ,, 130 

range 80 „ 400 

best of range 100 „ 240 

range 200 „ 800 

best of range 300 „ 600 

range 600 „ 1,600 

best of range 700,, 1,300 

Vertical „ „ range 200 „ 4,000 

400 „ 8,000 

800 „ 12,0QP 

1,000 „ 20,000 

Electrostatic balance - . - . „ 5,000 „ 60,000 

10,000 „ 100,000 



>j >> >> 



»> >» >> 



)> I) )) 



j> >» >> 






>> >> »> 



§ 11. The instruments are made on the principle of an air 
condenser, having one of its parts movable about an axis, so as to 
increase or diminish the capacity. The condenser is enclosed in a 
metal case, for the double purpose of protecting the movable part 
from air currents, and from the disturbing influence of any 
electrified body, other than the fixed portion, differing from it in 
potential. In all the instruments, except the electrostatic balance, 
the fixed portions consist of two sets of quadrant-shaped cells in 
metallic connection with each other, and formed by a number of 
parallel brass plates. These cells are fixed by an insulating 
support to the case of the instrument, and a terminal passes from 
them to an insulated binding screw on the outside of the case. 

* The vertical scale multicellulars, as sliown at Fig. 2, have shorter 
ranges than those given above. Their ranges correspond more closely ta 
" best of range." 



152 Philosophical Soeielt/ of Glasgow. 

§ 12. The movable poriion m all the lostruments la m metallic 
conaeetion with the Eurroundmg ca^e In the multicellular 
voltmeters thia connection is made through the suependrng wire, 




Fia. 2.- 

and in the vertical scale voltmeter and electrostatic balance 
through the knife-edges which support the movable part. The 
movable portion carries the pointer which indicates, by direct 
readings, the difference of potential between the two parts of the 



§13. The action of the instrument j shortly stated, is as 
follows ; — When the fixed and movable plates are connected 
respectively to two pointa o£ an electric circuit, between which 
there exists a difference of potential, the movable plate tends to 
move so as to augment the electrostatic capacity of the 
instrument, and the magnitude of the force concerned in any 
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case is proportional to the squ&re of the difference of potential by 
which it IB produced. In the use of the vertical electrostatic volt' 
meter and electrostatic balance this force of attraction Ib balanced 
by a weight of any convenient amount placed on the movable 
part ; while in the case of the multicellular it is balanced by the 
torsion of the suspending wire. 

The Multicellular Elegtbostatic Volthetek. 

§11. The arrangement of the parts of this instrument is 
shown in Fig. 3. This figure applies to an early form of the 




instrument, and differs in two matters of detail from the volt- 
meter as now made. For simplicity in manufacture the cells are 
now made with straight backs, and the plates looked at in plan 
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are, therefore, triangular instead of square. A coach spring has 
now been interposed between the suspending wire and the spindle 
carrying the vanes, as explained below. 

§ 15. The insulated cells are formed of triangular brass plates 
fixed into saw cuts in a brass.back-piece so as to be equal distances 
apart and accurately parallel to each other. Two sets of these 
cells are fixed by a vulcanite support to the sole-plate, so that their 
plates are horizontal, and are completely enclosed within the brass 
cylindrical case of the instrument. On the top of this cylinder is 
a shallow horizontal circular scale box containing the scale of the 
instrument, and having a glass cover, which serves to protect from 
currents of air the movable indicator, I, and the scale and interior 
parts from dust. For the movable part a number of vanes, V, 
similar in form to those of the quadrant electrometer, are used. 
These vanes are placed parallel to each other on a spindle with 
distance pieces between th^n. The top end of this spindle passes 
through a small hole in the sole-plate of the instrument, which 
forms the bottom of the scale box, and is attached to a small coach 
spring, which in turn is secured to one end of a fine iridio-platinum 
wire suspended from a torsion head at the top of a vertical brass 
tube. The torsion head may be turned by means of a forked key 
provided for the purpose, and is clamped, to protect it from 
accidental displacement, by a cap which screws on to the end of 
the tube. The coach spring has sufficient resilience to allow the 
spindle to touch a guard stop, and so saves the suspension from 
injury in event of the instrument being roughly set down. 

§ 16. Two vertical brass repelling plates, which also act as 
guard plates to prevent the movable part from turning beyond its 
prescribed limits, are fixed to the bottom of the sole-plate. These 
two plates carry a guide plate, G, with a circular opening in it ; 
through which tte lower end of the spindle passes. A little brass 
disc, or head, D, is attached to the end of the spindle, sufficiently 
large to prevent its passing back through the hole in the guide 
plate. Thus the movable part is eflfectually secured from swinging 
about so as to be injured, and by no possibility can it come into 
contact with the insulated quadrants. "When the instrument is 
level, the spindle hangs free by the suspending wire, so that the 
vanes are horizontal, and each is in a plane exactly midway between 
those of two contiguous condenser plates. 
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An aluminium needle attached to the top of the spindle indicates, 
on the horizontal circular scale fixed to the upper side of the sole- 
plate, the difference of potential between the movable and fixed 
portions of the condenser by direct readings in volts. 

§ 17. Engine-room Pattern MuUicellula/r. — The description of 
the instrument given above refers to the horizontal scale or 
laboratory pattern. In the new engine-room pattern the parts 
are in every way similar, but the instrument has a vertical scale. 
A vane attached to the spindle turns in an oil dash-pot, and gives 
the instrument a dead-beat action. 

§ 18. Portability, — A small thumb-screw is placed in the centre 
of the base plate below the instrument, which can be screwed in 
so as to lift the weight of the spindle and vanes from the suspend- 
ing wire and clamp the disc on the end of the spindle against the 
guide plate. A lifter or checker is also provided similar to that 
used in the magnetostatic instruments. 

A switch is attached to the insulated terminal of the instrument 
by which the voltmeter can be taken out of circuit when desired. 
The switch, after breaking circuit, puts the case and the insulated 
cells in metallic connection. 



Vertical Electrostatic Voltmeter. 

§ 1 9. The instrument is shown in Fig. 4, and, as will be seen, 
the insulated quadrants are supported with their plates vertical, 
and only one large vane is used. This movable plate is supported 
in a vertical position on knife-edges, so that the plane of its motion 
is parallel to the two fixed plates which form the insulated 
quadrants. Its upper end has a fine prolongation which serves 
as a pointer for indicating the deflections on the scale of the 
instrument, and at its lower end is fixed the knife-edge for the 
weights, having its length perpendicular to the plane in which the 
plate moves. 

In order to save time in taking readings, an arrangement is 
provided for checking the oscillations of the movable plate, and 
stops are placed to limit its range and prevent damage to the 
pointer. One of these stops, the left-hand one, is made to act as 
a support for the vane in the arrangement for portability* 
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§ 20. The scale is graduated from to 60, and the divisioas 
represent equal differences of potential — the actual magnitude of 
the difference per division being dependent upon the weight in 
use at the time. A set of three 'weights is sent with each instru- 
ment, providing for three grades of measurement in the proportion 
of I : 2 : 4. Thus the instrument shows one division per 50 volts 
with the link (the lightest weight) alone, one diyision per 100 
volts with the medium weight hanging on the link, and one division 
per 200 volte with all three weights on. 



The Electrostatic Balance. 

§ 21. The arrangement of the parts of this inatrumetit is shown 
in Fig. 5. The fixed portion of the condenser in this inatmment 
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ia & brass disc, B, which is Bupported from a slate base, S, on three 
glasB pillars, F. The disc is provided with the well-known Thom- 
son " hole, slot, and plane " arrao^ment, so that it always rests 
in exactly the same position on its supports. 

A wire thickly covered with india-rabber passes from a 
terminal, T, through a glass tube, C C C, and makes connection 
with the disc by a spring contact, the glass tube being filled wiHi 
paraffin to prevent the lodgment of moisture and give great 
resistance to disruptive discharge. A sheath formed by a short 
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piece of glass tube polls up over the terminal, T, and protects it 
from being tonched by accident. The base plate ia provided with 
three screw levelling feet. A brass case fits upon the base plate, 
and fixed to its top is a metal scale box with a glass front which 
contains the indicator and scale. The movable part, V, is a 
ronnd*a1nminium plate, supported by two long links, which pass 
through a slit in the top plate of the case to two knife-edge 
stirrups on one end of the count-erpoiaed indicator, I. The whole 
movable portion is supported by knife-edges on two brass pillars 
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and has a short arm, A, vitli a knife-«dge stirrup at its extremity 
attached to its axis. The weights which fix the coiiBtaat of the 
instrument hang on this stirrup. 

§ SS. The inatrument hu a Bcale with divisions corresponding 
to equal differences of potential. The scale is graduated from 
to 50, and three weights are proTided such that, with the first 
hung on, the constant is 250 volts per division ; with the second 
weight on, it is 600 volts per division ; and with the third weight 
on, 1,000 Tolts per division. 

luPBOVBD GOLO-LbAF ELECTROSCOPE FOB T&E APPROZIUATR 

Mgasitreuent 07 Potentials above 500 Volts. 

§ 23. The inEtrument ia an improvemeiit upon the well-known 
electroscope, in which a pair of gold leaves, pith balls, or other 
light bodies are used for showing by their mutual repulsion some 
of the elementary phenomena of electrification. The object of the 
invention ia to provide a convenient means of measuring approxi- 
mately differences of potentials in cases where the accuracy of an 
electrometer is not required, and where its consequent expense 
would be a serious consideration. In the instrument to be described 
only one narrow gold leaf is used, and this is attached by a clamp 
to a broad plate of brass as shown in Fig. 6. This brass plate is 




Fig. 6.-— Gold-Leaf Electroscope. 

supported on a block of vulcanite from the roof to the case, and 
has a binding screw attached to it. The case of the instrument — ' 
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with the exception of the front, which is of glass — ^Is of metal, 
and the portion below the leaf is cylindrical in shape so as to obtain 
from its inductive action a wide range of sensibility. A scale is 
engraved upon the back of the case, and another is placed in front 
close to the glass in order that the deflections of the instrument 
may be read off without error due to parallax. A hinged frame 
is attached to the repelling plate, which folds down over the leaf 
to prevent damage during carriage, and when turned up as shown 
in the figure it acts by repulsion as a guard which effectually 
prevents the leaf from touching the roof of the case at abnormally 
high potentials. Two terminals are provided ; one is attached to 
the case, and the other on the vulcanite block is in metallic con- 
nection with the repelling plate and the gold leaf. The instrument, 
as above stated, is intended mainly as an approximate potential 
indicator for high-potential circuits, and it may be used with 
advantage as a constant indicator to test the equality of the 
pressures between earth and each of the two primaries of a high- 
tension system. It is also useful to test that the potential of the 
secondary or distributing circuit is less than 200 volts. As a 
lecture-room instrument it will be found more convenient and less 
liable to damage than the ordinary forms of electroscopes hitherto 
employed. 

Standard Air Leyden Condenser for the Determination 
OF Small Electrostatic Capacities. 

§ 24. The apparatus to be described affords, in conjunction with 
a suitable electrometer, a convenient means of quickly measuring 
small electrostatic capacities, such as those of short lengths of 
cable. The instrument is formed by two mutually insulated 
metallic pieces, which we shall call A and B, constituting the two 
systems of an air condenser, or, as we shall now call it, an air 
leyden. The systems are composed of parallel plates, each set 
bound together by four loDg metal bolts. The two extreme plates 
of set A are circles of much thicker metal than the rest, which are 
all squares of thin sheet brass. The set B are all squares, the 
bottom one of which is of much thicker metal than the others, 
and the plates of this system are one less in number than the 
plates of system A. The four bolts binding together the plates of 
each system pass through well-fitted holes in the corners of the 
SG[uares ; and the distance from plato to plate of the same set is 
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regul&ted by annular dist&nee pieces which are carefully made to 
fit the bolt, and are made exactly the sa.me in all respects. £sch 
system ia boand firmly together by screwing home nuta on the 
ends of the bolts, and thus the parallelism and rigidity of the 
entire set is secured. 

§ 25, The two systems are made up together, so that every 
plate of B ia between two plates of A, and every plate of A, 
except the two end ones, which only present one face to those of ' 
the opposite set, ia between two plates of B. When the instm- 
ment is set up for use, the system B rests, by means of the well- 
known " hole, slot, and plane " arrangement,* engraved on the 
under side of its bottom plate, on three glass columns which are 
attached to three metal screws working through the sole-plate of 
system A. These screws can be raised or lowered at pleasure, 
and, by means of a gauge, the plates of system B can be adjusted 
to exactly midway between, and parallel to, the plates of system 




D and Tail's " Natural Fbilosophy," % 198, Example 3. 
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A. The complete leyden stands upon three yulcanite feet 
attached to the lower side of the sole-plate of system A. 

§ 26. In order that the instrument may not he injured in 
carriage, an arrangement, described as follows, is provided by 
which system B can be lifted from off the three glass columns and 
firmly clamped to the top and bottom plates of system A : — The 
bolts fixing the comers of the plates of system B are made long 
enough to pass through wide conical holes cut in the top 
and bottom plates of system A, and the nuts at the top end of the 
bolts are also conical in form, while conical nuts are also fixed to 
their lower ends below the base-plate of system A. Thumbscrew 
nuts, /, are placed upon the upper ends of the bolts after they 
pass through the holes in the top plate of system A. When the 
instrument is set up ready for use these thumbscrews are turned 
up against fixed stops, g, so as to be well clear of the top plate of 
system A ; but when the instrument is packed for carriage they 
are screwed down against the plate until the conical nuts 
mentioned above are drawn up into the conical holes in the top 
and bottom plates of system A ; system B is thus raised off the 
glass pillars, and the two systems are securely locked together so 
as to prevent damage to the instrument. A dust-tight cylindrical 
metal case, h, which can be easily taken off for inspection, covers 
the two systems and fits on to a flange on system A The whole 
instrument rests on three vulcanite legs attached to the base-plate 
on system A, and two terminals are provided — one, i, on the base 
of system A, and the other, j, on the end of one of the comer bolts 
of system B. 

§ 27. The air leyden which has been thus described is used as a 
standard of electrostatic capacity. To explain its use in connection 
with an idiostatic electrometer for the direct measurement of the 
capacity of any insulated conductor, suppose, for example, this 
insulated conductor to be the insulated wire of a short length of 
submarine cable core, or of telephone, or telegraph, or electric 
light cable, sunk under water, except a projected portion, to allow 
external connection to be made with the insulated wire. The 
electrometer which is found most convenient is the " multicellular 
voltmeter," rendered practically dead-beat by a vane under oil 
hung on the lower end of the long stem carrying the electric 
" needles " (or movable plates). 

To give a convenient primary electrification for the measurement, 

Vol. XXIX. L 
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a Toltaic battery, Y V, of about 150 or 200 elements, of each, of 
which the liquid is a drop of water held up by capillary attraction 
between a zinc and copper plate about Imm. asunder. An 
ordinary electric machine, or even a stick of rubbed sealing-wax, 
may, however, be used, but not with the same facility for giving 
the amount of electrification desired as the voltaic battery. One 
end of the voltaic battery is kept joined metallically to a wire, W, 
dipping in the water in which the cable is submerged, and with 
the case, 0, of the multicellular, and with the case and plates, A, 
of the leyden, and with a fixed stud, S, forming part of the 
operating key to be described later. The other end of the voltaic 
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battery is connected to a flexible insulated wire, F F F, used for 
giving the primary electrification to the insulated wire, J, of the 
cable, and the insulated cells, II, of the multicellular kept metalli- 
cally connected with J. The insulated plates, B, of the leyden 
are connected to a spring, K L, of the operating key referred to 
above, which, when left to itself, presses down on the metal stud, 
S, and which is very perfectly insulated when lifted from contact 
with S by a finger applied to the insulating handle, K. A second 
well-insulated stud, S', is kept in metallic connection with J and 
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I (the insulated wire of the cable and the insulated cells of the 
multicellular). 

§ 28. To make a measurement, the flexible wire, F, is brought 
by hand to touch momentarily on a wire connected with the stud, 
S', and immediately after that a reading of the electrometer is taken 
and watched for a minute or two to test either that there is no 
sensible loss by imperfect insulation of the cable and the insulated 
cells of the multicellular, or that the loss is not sufficiently rapid 
to vitiate the measurement. When the operator is satisfied with 
this he records his reading of the electrometer, presses up the 
handle, K, of the key, and so disconnects the plates, B, of the 
leyden from S and A, and connects them with S', J, I. Fifteen 
or twenty seconds of time suffice to take the thus diminished 
reading of the multicellular, and the measurement is complete. 
The capacity of the cable is then found, by the analogy : as the 
excess of the first reading of the electrometer above the second is 
to the second, so is the capacity of the leyden to the capacity of 
the cable. A small correction is readily made with sufficient 
accuracy for the varying capacity of the electrometer according to 
the diflerent positions of the movable plates, corresponding to the 
different readings, by aid of a table of corrections determined by 
special measurements for capacity for the purpose on the multi- 
cellular. 

C (II.).— ELECTROMAGNETIC INSTRUMENTS, §§ 29-45. 

Potential Galvanometer. 

§ 29. This instrument consists essentially of a coil of insulated 
copper or German-silver wire, the resistance of which is generally 
over 5,000 ohms, fixed to one end of a platform, on which a 
magnetometer rests. The magnetometer is supported on three 
feet and a spring ; two of these feet slide in a V groove, cut in a 
slip of hardwood let into the top of a platform, and this allows the 
magnetometer to be moved nearer to or farther from the coil, but 
prevents it being so turned round as to change the zero reading 
of the instrument. 

§ 30. To set up the instrument for use, place it with the plane 
of the coil in the magnetic meridian by turning the instrument 
until the index of the magnetometer points to zero on the scale 
when the semi-circular magnet is removed, and level it by turning 
the screws shown at the front of the platform until the bubble of 
the circular level attached to the magnetometer stands in the 
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centre of the level. The sensibility of the instrument is changed 
bj changing the position of the magnetometer on the platform. 
When the front of the magnetometer is placed at any division of 
the scale marked on the platform, the number stamped at that 
division indicates the deflection, in divisions of the magnetometer 
scale, produced by one volt difference of potential between the 
ends of the coil, the intensity of the magnetic fleld in which the 
magnetometer needles are placed being supposed unity. In order 
to avoid as much as possible errors due to changes in the magnetic 
field produced by local influences, a permanent magnet of semi- 
circular shape is supplied with each instrument for the purpose of 
producing a field at the magnetometer needle much more intense 
than that of the earth. This magnet is placed on the magneto- 
meter in the position shown in Fig. 9, and its field brought 
into parallelism with that of the earth by turning the screw 
at the point of the magnet until the magnetometer index points 
to zero. The absolute intensity of the magnetic field at the 
needle due to this magnet alone is carefully determined and, 
with the date of the determination, marked on the magnet 
before the instrument is sent out. The total intensity 
of field is obtained by adding the horizontal component of the 
intensity of the earth's field to the number marked on the magnet. 
To avoid accidental demagnetisation of the magnet, it must be 
kept at a distance from all other magnets. A fall or violent shock 
of any kind may also alter the magnetisation of the magnet, and 
must, therefore, be avoided. It is desirable that the field which 
the magnet gives at the needles should be determined from time 
to time. This may be done for the potential instrument by means 
of a standard cell, and for the current instrument by electrolysis. 

§ 31. In order to facilitate the use of the instrument, a pair of 
flexible electrodes, about 4 yards long, are supplied with it. These 
electrodes are shown attached to the instrument in the figure. 
The spring clips attached to the ends of the electrodes allow the 
instrument to be readily put in contact with two points of a circuit. 
To prevent a current passing through the coil when no reading is 
being taken, a key is placed in the circuit of the coil. This key 
should on no account be permanently short-circuited, because the 
coil becomes heated when a continuous current is allowed to flow 
through it, and is consequently increased in resistance. The 
indientiQns of the instrument are thus made too small, 
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§32. To determine the difference of potentials between two 
points of a circuit, an electrode is clipped on at each of the points 
and then the key is depressed and the deflection noted. If the 
deflection is too great the magnetometer must be pushed to a 
division further from the coil, if too small to a division nearer the 
coil. The number of divisions in the deflection is then to be 
multiplied by the number on the magnet, plus the proper number 
— say, for example, '16 — for the earth's force, and divided by the 
number at the division of the scale on the platform exactly under 
the front of the magnetometer. The result is the required difference 
of potential in volts. That is to say, the coefficient for volts 
corresponding to any division on the platform scale is obtained by 
dividing the intensity of the magnetic field by the number at that 
division. When the difference of potential to be measured exceeds 
200 volts, the readings of deflection must be taken as quickly 
as possible on account of the rapid heating of the coil. The 
rise of temperature for any short time, T, may be taken as 

E^T 

V = -p .^ ^ , where E is the difference of potential and E. the resist- 

ance in absolute measure, T the time in seconds, J Joule's 
mechanical equivalent of heat, and K the thermal capacity 
of the coil. 

For example, let E = 200 volts ; 

R = 5, 000 ohms; 

T = 30 seconds ; 

J=4-2xl0^; 

K = 400. 

rri. 200^X10^^X30 ^.^^ . .^ 

Thus V = -z — TT^Y^ — -r-z — T7^ — TF^ = 0-1 7 C. rise oi temperature. 
X 10^ 2 X 4-2 X 10^ X 400 ^ 

The temperature of the coil at which the numbers on the platform 
scale are correct is stamped on the instrument. The following 
table gives the coefficients by which the deflections must be multi- 
plied when the temperature of the coil differs by any number of 
degrees less than 20 from the temperature at which the instrument 
is correct. The first column gives the difference between the actual 
temperature and that at which the instrument is correct, in degrees 
centigrade ; the second column gives the corresponding coefficient 
for copper coils when the difference is positive ; the third column 
gives the coefficient when the difference is negative ; the fourth 
and fifth columns give the corresponding coefficients for German- 
silver coils : — 
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1-004 
HWS 
1-012 

1-016 



1027 

1-031 
1-035 



§33. Current Galvanometer. — ThiamBtnimentiBBimilarinfonn 
to the potectial galranomeler with the exception that the coil is 
made up of a few turns of thick copper strip, and has a resistance 



of only about ^ 



f of an ohm. Anj current the intensity of 



which is leBB than 100 amperes may be safely measured by this 
inatrument The number at any division of the scale on the 
platform indicates the deflection which an ampere of current pro- 
duces when the magnetometer is set with its front edge at that 
division and the intensity of the magnetic field is unity. The 
mode of setting up this instrument for use is precisely the same as 
that described above for the potential galvanometer. 




■Graded Current Galvanometer. 



To find the number of amperes corresponding to a deflection — 
Side : Multiply the nomber of diviaionB in the deflection by the 
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nnmber on the magnet plus the borizontal intensity of the earth's 
field, and diride by the number at the division on the platform 

scale exactly under the front of the magnetometer. 

§34. Terminal pieces of the form shown in the 6gure are 
attached to the coil, and to the electrodes supplied with the 
instrument. When the electrodes are being removed from the 
coil or from the leads, the two sides of the spring terminal piece 
should come into contact with each other before they are out of 
contact with the plates of the other terminal pieces. When this 
is attended to the circuit Is not interrupted, tuid hence sparks are 
avoided. A separate terminal piece, shown in the figure with two 
short wires attached, is also supplied, for the purpose of allowing 
the galvanometer to be easily introduced or removed fi^m the 
circuit. This terminal piece is made to form part of the circuit 
the current through which is to be measured. By adopting this 
arraDgement the galvanometer can be readily removed from one 
circuit to another. 

Adjustablb t/UQVZTo-Sri.Tic Cdsbent Mbtbr 

§ 35. The magneto-static current meter (Fig. 10) consists 

essentially of a small steel magnet or system of magnets suspended 




Fig. 10 —The Magneto static Ourront Meter. 
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in the centre of a uniform field of force due to two coils, each 
having one or more turns of copper ribbon or wire, and also under 
the directive influence of two systems of powerful steel magnets. 
The suspended system of magnets is attached to one end of a 
vertical shaft passing down centrally through an opening in the 
sole-plate of the instrument from an indicating needle, which is 
supported by a jewelled cap resting upon an iridium point. The 
two systems of directive magnets are circular in form, and each 
ring is composed of two semi-circular magnets placed in a brass 
cylindrical frame with their similar poles together. Each system 
is securely fixed to a circular brass frame, which fits on to the 
cylindrical case of the instrument in such a manner that the 
systems are capable of being turned round, together or separately, 
as explained below. 

§ 36. The instrument has a '' tangent scale,'' which is adjusted 
in its position before the instrument is sent out, so that the needle 
indicates equal differences of readings for equal diflerences of 
current. The scale consists of a hundred divisions, and for most 
purposes it is convenient to set the field magnets in such a position 
that the needle points to 0, and to use the scale from that point 
upwards towards 100. Sometimes, however, it may be found 
convenient to measure currents, whose direction is being occasionally 
reversed, without being at the trouble of reversing the electrodes 
in the contact clip ; in that case the zero should be set to the 
division 50 at the middle of the scale, and readings taken on each 
side of it. It must be remembered that when the point taken as 
zero is changed, the constant, by which the indications of the 
instrument have to be multiplied to give the current in amperes, is 
changed in proportion to the cosine of the angle between the zero 
point and the middle of the scale ; and as this angle is 60 degrees, 
the constant with the zero at 50 on the scale is exactly double the 
constant with the zero at on the scale. The instrument is 
provided with a ** lifter," which serves to raise the needle off the 
iridium point when it is being moved about from place to place. 
This lifter is in the form of a ring placed below the needle, and 
may be raised or lowered by turning the handle attached to 
an eccentric passing through the side of the instrument on a 
level with the scale. It also serves as a checker, by bringing 
it lightly into contact with the pointer, so as to stop its 
vibrations. 
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§ 37. The two grades of this instrument which are found most 
convenient are — the miUiampere-meter, which has an effectiye 
range of from *3 to 300 milliamperes, and is usually adjusted to 
read two milliamperes per division, and the ampere-meter, which 
has an effective range of from *3 to 300 amperes, and is usually 
adjusted to read one ampere per division; in both grades with 
the zero at on the scale. If desired, instruments can be supplied 
having the constants adjusted to any value. The very wide range 
of accurate measurement given by these instruments makes them 
invaluable for laboratory use. 

§ 38. The instrument has an advantage, important for some 
practical purposes, of being available as an accurate direct-reading 
current meter, through a continuous range of from 1 to 100 times 
its smallest current, which may be anything from half a milliam- 
pere to four amperes, according to the number of turns in the coils 
supplied with the instrument. It is not, however, available as an 
alternate-current instrument, and it must be remembered that the 
magnetism of the steel directing magnet does not remain absolutely 
constant. With good quality of steel, a proper preliminary ageing 
of the magnet (by heating it several times in boiling water and 
cooling it again, and subjecting it to somewhat varied rough usage) 
brings it to a condition in which its magnetism is found to remain 
exceedingly nearly constant month after month and year after year. 
Still, it should never be relied upon as absolutely constant, and 
for accurate laboratory work it is therefore necessary to have 
some means of retesting the instrument at any time. This is 
always easily done with the utmost accuracy if one of the balance 
instruments, to be described below, is available as a standard. 
Another advantage which the instrument has is that, when a 
standard instrument is available, its constant is capable of being 
varied to any desired value down to one-tenth of that which it has. 
with its directive magnets in their strongest position. Thus, if 
the constant should be three amperes per division of the scale, 
with the similar poles of the magnets coinciding, it may be 
adjusted to any value down to 0-3 ampere per division. Instru* 
ments of this class are made to suit all ranges from O'OOOl to 3 
amperes per division. 

§ 39. One very convenient use of the instrument is to act as a 
lamp counter for indicating the number of incandescent lamps in 
use in an installation. For this purpose it is best to standardise 
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it by putting on a known number of lamps and adjusting as 
described below until the desired reading is obtained on the scale. 
Of course, this numbering of lamps is not possible to any great 
accuracy, because the lamps themselves are not all rigorously equal 
in the amount of current which each takes, but the lamp counter 
serves the important practical purpose of showing at any time the 
number of lamps in use nearly enough for practical purposes. In 
private houses this is very useful as a check against some lamp or 
lamps being left accidentally alight in a cellar, or safe-room, or 
box-room, or other place where the fact of its being alight might 
escape observation for days or weeks together. To count larger 
numbers of incandescent lamps, up to 1,000 or more, the instrument 
is made with smaller rings of more massive conductor, and the same 
proportionate accuracy is attained as with the 100-lamp counter. 

§ 40. The milliampere-meter, on account of the low resistance 
of its copper coil — about 40 ohms — may conveniently be used as 
a voltmeter. To adapt it for this purpose, a copper cylinder, 
wound anti-inductively with two platinoid resistances, is supplied. 
The first of these, together with the resistance of the instrument, 
makes up 100 ohms, and the second alone is 900 ohms. Thus, 
taking the constant of the instrument at two milliamperes per 
division, by joining the smaller in series with the instrument, the 
reading on the scale will be one-fifth of a volt per division ; with 
both resistances in series with the instrument, the reading will be 
two volts per division. 

Portable or Marine Voltmeters and Amperemeters. 

§ 41. For the measurement of potential in connection with 
electric lighting or power installations on board ship, the mass of 
the moving part of the balance voltmeter and engine-room volt- 
meter is too great to be convenient for accurate use. The marine 
voltmeter now to be described is specially suitable for such a 
purpose, but it is also equally useful as a portable voltmeter for 
general use. The resistances to enable the instrument to be used 
as a voltmeter are wound anti-inductively on two brass cylinders, 
and the lower one of these may be arranged to serve as a con- 
venient means of supporting the instrument on a table or shelf. 
When, as is most coDimonly the case, the mean potential to be 
measured is 100 volts, the platinoid resistance is adjusted to make 
up, along with the fine copper wire solenoid (of which the resis- 
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iance is about 60 ohms), a total resistance of 1,000 obms. Thus, 
the direct reading of potential on the scale ia in rolta. 

In order to save time in taking readings, a checker Is provided. 
A brass arc, capable of movitig in a Tertical direction, is placed 
parallel to and slightly below the plane in which the pointer 
moves, and by means of a handle this arc may be brought gently 
and momentarily into contact with the pointer ao as to quickly 
stop its oscillations. When the instrument is to be used for very 
accurate work, a means of observing and annulling any error due to 
residual magnetism in the oblate may be provided by a reTsrsing 
key placed below the scale box, and two magnets screwing into 
the sheath. The current through the instrument is made in one 
direction when the handle of the reversing key is in the top posi- 
tion, and made in the opposite direction when the handle is in the 
bottom position. The current is broken when the handle la on 
either side. The residual effect in the instrument is very small, 
and it is found to be sufficiently accurate for all practical purpoaes 
without this adjustment. 

§ 12. Th« Marine Ampere-meter. — The marine ampere-meter is 

similar to the marine voltmeter as described above, with the 
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exception that its solenoid is made from one or more turns of heavy 
copper conductor. Three ranges of the instrument are usuallj 
made— viz. (I.) 40 to 160; (II.) 60 to 270; (III.) 100 to 500. 

The instrument consists of a small oblate of soft iron supported 
on a stretched wire in the centre of a solenoid of fine copper wire 
connected in series with platinoid resistances, yariable according 
to the potential to be measured, and is founded on the principle 
that an oblate spheroid of soft iron, movable round a diameter, 
tends to turn its equatorial plane parallel to the lines of force in 
a uniform magnetic field. The pointer is fixed relatively to the 
oblate in such a manner that, when the pointer is at the zero position 
of the scale, the equatorial plane of the oblate is inclined about 
45 degrees to the lines of force of the solenoid. The suspending 
wire is stretched between the two ends of a brass tube, being fixed 
at the bottom end and carried at the upper end by a torsion head, 
which is secured by screwing down upon it the movable cap of the 
top resistance coil. Portions of the tube are cut away to permit of 
easy access to all parts of the instrument for adjustment or 
inspection. In order to prevent damage to the suspending wire 
or accidental disturbance of the torsion head, two brass cylinders, 
which also serve to carry the resistance coils, are placed covering 
the two ends of the supporting tube, and are fixed by screws to 
the sheath. The scale is graduated from zero to 1*40, but for 
convenience of observation the first marked division is 50. It is 
placed in a horizontal box with a glass cover fixed to the sheath, 
and the pointer shows by inspection direct reading of currents of 
from 50 to 140 milliamperes. The instrument is provided with a 
mirror so that its scale can be read from a distance. 

The Amp!ebe Gauges. 

§ 43. These instruments are intended for use on switchboards 
where, on account of the intense field of their solenoids, and the 
fact that their movable magnetic system is always vertical, they 
are found to be free from effects of board currents. The ranges 
of the different types of the instrument usually made are :— 



I. 


From 


*25 to 5 amperes* 


II. 




1 ,, 20 „ 


TTT. 




5 „ 100 ,♦ 


IV. 




10 „ 200 


V. 




25 „ 500 


VL 




50 „ 1,000 


VII. 




200 „ 2,000 „ 


VIII. 




600 „ 6,000 „ 



Dr. Maqhub Maclean on Lord Kdvin'a Palents, 



173 



The infitrument is of aimple construction, having a vertical alate 
base-plate, to which are attached (a) a solenoid of special form, 
having a rery intense field ; (6) brass bearing plates supporting a 
balance which carries a aofi-iron plunger on its one arm and a 
brass counterpoise weight oq the other ; (c) a brass arc having a 
scale graduated to give direct readings in amperes. 




Fig. 12.— Ampere Gauge. 

§ 44. The solenoid is built up of copper plates with mica in- 
sulation between them, and is fixed to the base-plate so that its 
core is vertical. The balance is supported on knife-edgea at such 
a distance below the solenoid that the top end of the plunger is 
slightly entered into the core. The plunger is made from a thin 
soft-iron wire about 20 cm, long, and is supported by a cross-bar 
with two hooks on it, which pass over two knife-edge stirrups on 
the arm of the balance. It has a brass weight hung on its lower 
end in order to keep it in a vertical position and prevent its 
being attracted against the side of the solenoid. An indicating 
needle, or pointer, formed from a strip of platinoid, passes down 
from the trunnion of the balance to the brass arc bearing the 
graduated scale. As the plunger is attracted upwards, this 
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poiater passes round the scale and indicates the strengtk of ouirent 
passing through the solenoid. A dash-pot coataining oil is placed 
below the plunger and renders the instrument " dead-beat " in its 
action. When the instrument is packed for carriage, the plunger 
and pointer are remored and packed in a separate cardboard box, 
Thej should not be put iuto place in the instrument till it is fitted 
in its working position. The instrument should be secured to a, 
vail bj means of its electrodes, so that the pointer is in the same 
plane with the scale and stands at when no current is passing 
through the solenoid. 

Testinq Set fob Mribdbbmbnt of Inbulitioh BrsistjUICe. 

§45. The testing set (Fig. 13} consists of (1) a rery sensitive 

galvanometer, whose deflections are directly proportional to the 

amount of current passing through its coil ; (2) a mi^et for con- 




trolling the sensibility of the galvanometer; (3) a set of shunts 
which reduce the indications of the galvanometer to ^, -y^j^, ^^ ; 
(4) a set of compensating resistances controlled by shunt switch, 



Dr. Magnus Macle!an on Lord Kelvin's Patents, 175 

keeping the resistance of the galvanometer circuit constant whether 
shunted or not ; (5) a switch enabling deflection to be taken 
through the galvanometer alone for standardising, Or through the 
galvanometer and unknown resistance when making test. The 
main advantages of the instrument are : — (1) Great sensibility ; 
(2) long range of measurement ; (3) it is simple to use, and with 
it rapid tests can be made ; (4) can be used with a separate 
battery or with potential of lighting circuit whose insulation is 
under test ; (5) no plugs to get lost ; (6) all connections marked 
on vulcanite base ; (7) great portability. 

C (III.).— ELECTRODYNAMIC INSTRUMENTS, §§ 46-59, 

Standard Direct-Reading Electric Balances. 

§46. These iDstruments are founded od the mutual forces, 
discovered by Ampere, between movable and fixed portions of an 
electric circuit. The shape chosen for the mutually-influencing 
portions is circular, and each such part will be called for brevity 
an ampere ring ; or sometimes simply a ring, whether it consists 
of only one turn or of any number of turns of the conductor ; or 
an arc when it consists of less than a whole turn. In each of the 
balance instruments, except the kilo-ampere balance, each movable 
ring is actuated by two fixed rings — all three approximately 
horizontal. There are two such groups of three rings — two 
movable rings attached to the two ends of a horizontal balance arm 
pulled, one of them up and the other down, by a pair of fixed rings 
in its neighbourhood. The current is in opposite directions 
through the two movable rings to practically annul disturbance 
due to horizontal components of terrestrial or local magnetic forces. 
In a kilo-ampere balance the whole current passes through a single 
fixed ring and divides through two halves of a movable ring, which 
are urged one up and the other down by the resulting amperian 
force. In all the instruments the balance arm is supported by 
two trunnions, each hung by an elastic ligament of fine wire, 
through which the current passes into and out of the circuit of the 
movable rings or ring. 

§ 47. In all the balance instruments in which the movable ring 
is between two fixed rings, the mid-range position of each movable 
ring is in the horizontal plane nearly midway between the two 
fixed rings which act on it. The current goes in opposite directions 
through the two fixed rings, so that the movable ring is attracted 
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by one of the fixed rings and repelled by the other. The 
position of the movable ring equidistant from the two fixed rings 
is a position of minimum force, and the sighted position, for the 
sake of stability, is above it at one end of the beam and below it 
at the other, in each case being nearer to the repelling than to the 
attracting ring by such an amount as to give about 3-% per cent. 
more than the minimum force. In the balance instruments to 
measure alternate currents (which may be also used for direct 
currents) of from 1 ampere to 600 amperes, the main current 
through each circle, whether of one turn or of more than one turn, 
is carried by a wire rope of which each component wire is insulated 
by silk covering, or otherwise, from its neighbour, in order to 
prevent the inductive action from altering the distribution of the 
current across the transverse section of the conductor. 

§ 48. The balancing is performed by means of a weight which 
slides on an approximately horizontal graduated arm attached to 
the balance ; and there is a trough fixed on the right-hand end of 
the balance into which a proper counterpoise weight is placed, 
according to the particular one of the sliding weights in use at any 
time. For the fine adjustment of the zero a small metal flag is 
provided, as in an ordinary chemical balance. This flag is actuated 
by a fork, having a handle below the case outside. To set the 
zero, the left-hand weight is placed with its pointer at the zero of 
the scale, and the flag is turned to one side or the other until it is 
found that, with no current going through the rings, the balance 
rests in its sighted position. To measure a current, the weight is 
slipped along the scale until the balance rests in its sighted position, 
The strength of the current is then read off approximately on the 
fixed scale (called the inspectional scale), with aid of the finely* 
divided scale for more minute accuracy, according to the explana" 
tions given below. Each number on the inspectional scale of the 
ampere balances is twice the square root of the corresponding 
number on the fine scale of equal divisions. In the watt-balances 
the numbers on the inspectional scale correspond to those on the 
fine scale. The slipping of the weight into its proper position is 
performed by means of a self-releasing pendant, hanging from a 
hook carried by a sliding platform, which is pulled in the two 
directions by two silk threads passing through holes to the outside 
of the glass case. Four pairs of weights (sliding and counterpoise), 
of which the sledge and its counterpoise constitute the first pair, 

Vol. XXIX. m 
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are supplied with each iustrameut. The weights are adjusted in 
the ratios of 1 : 4 : 16 : 64, so that each pair gives a ronod number 
of amperes, or haLf-amperes, or quarter-amperea, or of dedmal sab- 
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divisions or multiples of these magnitudes of current, on the 
inspectional scale. The useful range of each instrument is from 
1 to 100 of the smallest current for which its sensibility suffices. 
The ranges of« the different types of this instrument regularly 
made are — 

I. Centi-ampere balance from 1 to 100 centi-amperes. 
II. Beci-ampere „ ,, 1 to 100 deci-amperes. 

III. Deka-ampere ,, ,, 1 to 100 amperes. 

IV. Hekto-ampere ,, ,, 6 to 600 amperes. 
V. Kilo-ampere „ ,, 25 to 2,500 amperes. 

VI. Composite „ „ 02 to 500 amperes. 

and from 100 to 60,000 watts (at 100 volts). 
VII. Deci-watt balance, to suit currents from 0*1 to 20 amperes. 
VIII. Beka-watt balance, to suit currents from 0*5 to 100 amperes. 
IX. Hekto-watt balance, to suit currents from 5*0 to 500 amperes. 
X. Kilo- watt balance, to suit currents from 25*0 to- 3,000 amperes. 
XI. Kilo- watt balance, to suit currents from 100*0 to 10,000 amperes. 

N.B. — The ampere balances are designed to carry 75 per cent, of their 
maximum current amtinvjcmalyi and carry their maximum current long 
enough for all standard purposes. 

The following table shows for each type of instrument the value 
per division of the inspectional scale corresponding to each of the 
four pairs of weights : — 





I. 11. III. 


IV. 




Centi- Deci- Amperes 


Amperes 




amperes amperes per 


per 




per division, per division, division. 


division. 


1st pair of weights, 


•25 ... -25 ... -25 


... 1-5 


2nd 


. . . *oU • • • *& ... *o 


... 30 


3rd 


1-0 ... 1-0 ... 10 


... 60 


4th 


... 2-0 ... 20 ... 2-0 


... 120 



§ 49. The fixed inspectional scale shows approximately enough 
for most purposes the strength of the current ; the notches in the 
top of the aluminium scale show the precise position of the weight 
corresponding to each of the numbered divisions on the fixed scale, 
which practically annuls error of parallax due to the position of 
the eye. When the pointer is not exactly below one of the notches 
corresponding to integral divisions of the inspectional scale, the 
proportion of the space on each side, to the space between two 
divisions, may be estimated inspectionally with accuracy enough 
for almost all practical purposes. Thus we may readily read off 
34 '2 or 34*7 by estimation with little chance of being wrong by 1 
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in the decimal place. But when the utmost accuracy is required 
the reading on the fine scale of equal diyisions must be taken, and 
the strength of current calculated bj aid of a table of doubled 
square roots. Thus, for example, if the reading is 292 we find 
34*18, or, say, 34*2 as the true scale reading for strength of 
current ; or, again, if the balancing position of the pointer be 301 
on the fine scale, we find 34*70 as the true reading of the 
inspectional scale. 

The centi-ampere balance, with a thermometer to test the 
temperature of its ampere rings, and with platinoid resistances 
up to 1,600 ohms, serves to measure potentials of from 10 volts 
to 400 volts. 

Constant of the Centi-ampere Balance when used as a 

Voltmeter. 

Resistance in Volts per division 
Weight used. circuit.* of fixed scale. 

First pair of weights, 400 1 '0 

, } ... ... oUU ... ... ^ *U 

,y ... ...X, £i\f\j ... • • • O v 

J J ... ... x.uUU .«• •>. 41/ 

If the second pair of weights is used, the constants will be double 
of those noted above. 

^^ Composite Balance. 

§ 50. This instrument is similar in form to the centi- and deci- 
ampere balances, but the pair of fixed coils at one end of the beam 
are made of a rope of insulated wires similar to that used for the 
coils of the hekto-ampere balance. Separate electrodes are pro- 
vided for the rope coils, and for the fine-wire coils. A switch 
which allows the movable coils either to be included in the circuit 
by themselves or in series with the fixed fine- wire coils is attached 
to the underside of the sole-plate of the instrument. When the 
handle of the switch is turned to "Watt," the movable coils 
alone are in the circuit; but when the handle is turned to 
" Volt,'' both the movable and the fixed fine-wire coils are in the 
circuit. The composite balance can be used as hekto-ampere 
balance, or as a wattmeter, or as a voltmeter, by following the 
instructions given below. To enable the composite balance to be 
used as a direct-reading wattmeter or voltmeter, a separate anti- 
inductive resistance of platinoid wire, subdivided into four coils, 

^Including resistance of the instrument, which is about 50 ohms. 
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is usually supplied. The first coil is equal to the resistance of the 
fixed fine-wire coils, and is intended to be included in the circuit 
of the movable coils when the instrument is used as a wattmeter. 
The second coil is arranged to make up 200 ohms with the resis- 
tance of the fine-wire movable and fixed coils. The third coil is 
200 ohms, and the fourth is 400 ohms. It is not advisable that 
the current through these resistances should be allowed to exceed 
0*5 ampere. 

Standard Watt Balances. 

§ 51. The main use of the watt balance is to measure the true 
energy developed in an inductive alfemating-current circuit. The 
balances are, except those described below, similar in form to the 
standard ampere balances, but the movable coils are, as in the case 
of the composite balance, wound with fine wire. These coils are 
of low resistance, and are joined up in series with a large anti- 
inductive resistance in a " potential circuit " across the mains, 
while the fixed coils carry the whole current in the circuit to be 
measured, and are inserted in one main. The instruments are 
provided with weights similar to those used with other balances, 
and a certificate is given stating the number of watts per division 
for each weight. 



Electric Watt Balance for the Measurement of Currents 

UP TO 10,000 Amperes. 

§ 52. These instruments were designed in the first instance to 
meet requirements for a standard balance to read up to 10,000 
amperes. For this purpose it was not considered advisable to use 
the ordinary idiostatic " Kelvin " balance on account of the 
necessarily enormous proportions which the movable beam would 
have, and the consequent limitation of range due to possible 
stifihess in the suspending ligament. The instrument was there- 
fore designed on the wattmeter plan, in which the main current 
passes through heavy copper conductors, while a small current of 
measured amount is passed through two coils of fine wire at each 
end of a movable beam in every way similar to that of the centi- 
ampere balance. The main conductor is shaped like a double 
rectangle, and the current is conducted in by one electrode round 
three sides of the top rectangle then down by a connecting-piece 
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round three sides of the bottom rectangle and out by other 
electrode. The beam, with its movable fine- wire coils, is situated 
between the two rectangles, and its terminals are brought to two 
binding screws. The action when the current is passing is the 
same as in the other electric balances — viz., the right-hand coil 
on the beam is attracted and repelled up bj the current passing 
through the fixed conductors above and below, and the left-hand 
coil is similarly repelled and attracted down, the resulting force 
being balanced by the sliding along of a weight on a graduated 
scale. The conducting rectangles are each made of a thick copper 
plate, with a slot about 0'5 cm. wide cut from the right-hand side 
up to within 9 cm. of the lef t-]iand end. 

§ 53. The instrument is, of course, a self-contained wattmeter, 
and when it is to be used as such, extra resistances are provided 
for the fine-wire circuit. The resistance of the fine-wire coils is 
about 10 ohms, and the extra resistances provided are subdivided 
into coils of 400 ohms each so as to permit of an adjustment of 
the instruments constant from 50 to 2,000 watts per division of 
the scale. When the instrument is used as a standard ampere 
balance, the current values can be obtained by dividing the watt 
readings by the E.M.F. if a reliable voltmeter is available, but for 
very accurate working it is best to measure the actual current 
passing through the fine-wire coils on an auxiliary instrument, 
such as a centi-ampere balance. By this method great sensibility 
can be obtained, as currents up to one ampere can be used, and so 
the constant of the instrument can be varied at pleasure from 0*1 
ampere to 10 or 20 amperes per division of the scale, and thus a 
range of measurement from 0*1 to 10,000 amperes is provided. 
The balance, as described above, is intended for use with con- 
tinuous current, and it is evident that an instrument of this kind, 
if used with alternating current, would require a special constant 
to suit different periods of alternation. 

§ 54. To suit cases where the testing is either on direct or 
alternating systems, a different type of instrument with a stranded 
main conductor is made. The main conductor is of U-shape, and 
passes under the movable coils. This conductor is made up of 
ropes of insulated copper wire, twisted together so as to form a 
cable with a hollow core. In order to correct any effect due to 
the induction of one arm of the coil upon the other the twisting 
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is done in a very careful maiiQer, bo that the strEuids of the cable 
which are inside on passing the left-hand movable coil on one aide 
are outside on passing the right-hand movable coil on the same 
side, and are in the reverse direction on the other arm of the V. 
The core of the cable is, as mentioned above, hollow, and brass 
tubes are passed up each arm of the TJ as far as the bend. The 
main object of these tubes is to prevent any deformation in the 
cable, but thej also serve as a means of blowing air through to 
keep the conductor cool, if it should ever be necessary to use it for 
much heavier currents than those for vhich the instrument is 
primarily intended. 

Specul Standabd Balancbb. 

§ 55. Wiien very great accuracy and permanency is required, as 
in the case of balances used as ultimate standards of current in 
laboratory work, a modification is made in the ordinary ampere 
balances. The scale and sliding weights are taken away, and the 
beam is made specially strong, and has a pointer at each end, 
situated at the middle of the coil. A scale pan is hong at each 
end of the beam, and the distance from coil to coil is greater than 
in the ordinary balance. An arrangement of screws is also 
provided by which the beam can be raised to its original position 
should the ligaments from any cause have been stretched. 




Fig. 17.— Standard One-unpere Balance. 

5 66. The method of making an observation is as follows : A 

weight of fixed amount is placed on the left-hand scale pan, and the 
beam is balanced with no current through the coils ; the weight is 
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then lifted to the right-hand scale pan, and the current is made. The 
amount of current passing is adjusted till the beam again balances, 
and according to the value of the weight used, the strength of 
current is known within a very small percentage of accuracy. 
A one-ampere standard balance of the type supplied to the Board 
of Trade is shown in Fig. 17. 

New Engine-Room Wattmeter. 

§ 57. The new engine-room wattmeter has a main circuit formed 
of a double rectangle of copper rod having sufficient area to carry 
200 amperes, and a shunt circuit with two fine-wire coils astatically 
arranged. The main coil is mounted on a slate back so that the 
rectangles are horizontal. The shunt coils are mounted on a light 
but strong aluminium frame. One end of this frame has a circular 
knife-edged hole fixed to it, and the other end has a straight 
knife-edge. These two knife-edges rest on two phosphor-bronze 
hooks attached by insulating supports to the outside ends of the 
double rectangle. By this method of suspension complete freedom 
from friction is obtained, while the movable system is kept in a 
definite position without end guides. Each fine-wire coil has 
about a 1,000 turns of insulated wire, and its resistance is about 
100 ohms. The current is conducted in and out from the movable 
system by two flat palladium spiral springs, which also supply the 
Storing force for governing the sLbillty of the inat^ent. 
Not more than one-twentieth of an ampere is allowed to pass 
through the fine-wire circuit, and, in order to regulate this, a large 
non-inductive resistance is rolled on the case of the instrument, 
which offers a large cooling surface. The scale has nearly uniform 
divisions, and is graduated to read directly in watts or kilowatts 
as required. 

Improved Rheostat. 

§ 58. The object of the rheostat, invented over 40 years ago by 
Wheatstone, is to provide an electric resistance which can be 
yaried continuously. The original instrument, although admirable 
in conception and commonly shown on the lecture table, has been 
but little used on account of practical defects. The new instru- 
ment (Fig. 18) is an improved form of Wheatstone's rheostat, in 
which the wire is guided from one cylinder to the other by a fork 
carried along through the requisite range by a nut travelling on a 
long screw-shaft. This screw-shaft carries a toothed wheel, which 
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turns the tvo cylinders bj ma&ns of toothed wheels attached to 
their ahafts. A watch-spring, as in Jolln'a improvement of 
Wheatstone's rheostat, keeps the \rire always tightened to the 
proper degree. A leather buffer at each end of the range of the 
nut acts as a guard against overwinding in either direction. 




H gb Be taDce Rhaontat 



The c ndu ting cjhnde and the w e are both of p at noid, a 
meta c a loj having proper es which make t spec al y suitable 
for the purpose It has ery h gh electric resistance very small 
temperature vanation of resistance, and ita surface remains almost 
or altogether untarnished in the air. On account of the last-named 
property, the contact between the wire and the conducting cylinder, 
and continuity in action, which. was a great diflu^lty in the old 
form of apparatuB, ia very complete. 



Low-Resistance Kheostat. 
§ 59. The conducting cylinder in this instrument ia made of 
brass, nickel-plated so as to avoid tarnishing, and the wire used is 
copper, also nickel-plated. The rheostat can be supplied to carry 
cnrrents as high as 30 amperes. Five different types of the 
instroment are made, viz, : — 



Type I. 





Approiimate 


Maiimum 


Wire. 


resistAttce. 


current. 


... Platindd 


., 600 ohm. .. 


2 amperes 




.. 100 „ 


1-0 „ 


„ 


100 „ 


20 „ 




10 „ 


5-0 „ 


■',". Cot^ 


.. 0-6 „ 


30 „ 
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<IV.).— RECORDING AND INTEGRATING 
INSTRUMENTS, §§ 60-61. 

Recobdino Voltmeter. 

§ 60. This instrument ia of Bimple construction, and consists of e, 
long solenoid, giving a rei? intense field, into vhick the upper end of 
a long soft-iron plnnger is entered. The plunger b suspended on 
a set of spiral springs, and carries on its lower end a pen. of 
special construction. A dram, round which a record paper is 
fixed by a metal band, is rsTolved by means of a clock inside it, 




FjG. 19.— Recording Volttneter &oA Amperemeter. 

making one rcTolation in 12 or 24 hours. The pen rests against 
the paper with a. small component of its own weight, and as there 
are no pivots or other multiplying gear, the instrument is free 
from frictional error. Owing to the fact that the magnetic 
field of its own coil is very intense, the instrument is found to be 
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free from the effects of board currents or other stray field. In 
changing the paper, the whole drum can be lifted out, allowing 
the changing to be done with ease, and at the same time the pen 
can easily be got at for renewing the ink. The scale is a wide- 
division one at the working part, and is divided in volt divisions. 
The calibration of the instrument is quite permanent. Ampere- 
meters are made on the same plan and have equal division scales 
from to maximum. 

Electbicitt Supplt Meter, 1898 Pattern. 

§ 61. This meter is the same in principle as that introduced in 
1892, which was then described by Mr. Meikle in his paper read 
before the Philosophical Society of Glasgow in November of that 
year. Since then many improvements, the result of experience in 
actual use, have been introduced. In the new meter the driving 
mechanism, or clock, if it may be so called, is of the simplest 
possible form. It consists of a drum and scape wheel, both fixed 
rigidly to the same spindle ; also on that spindle is an arm free 
to move round it, having pivoted eccentrically on its other end 
a sector of steel bearing against the drum on its outer edge and 
arranged to lock with and drive the drum round when pulled up, 
but free to run in the opposite direction without carrying the 
drum round with it. Attached to the end of this lever, and 
passing over the drum, is a band of flexible material (an ordinary 
mohair bootlace) connected at the other end with an iron rod 
about 12 cm. long and 0*8 cm. diameter, which acts as the driving 
weight. This weight is arranged to have a travel of 4 cm., and 
when it has fallen that distance a disc of insulating fibre on its 
lower end presses down a Hght brass slider and makes a contact 
between two pieces of platinum, sending a current of a tenth of an 
ampere round a solenoid, into which the upper end of the iron 
driving weight is entered. The weight is immediately sucked up 
to the top of its range, the arm carrying the steel eccentric falls 
back on the drum, and the fibre disc catches the small contact 
slide at the top and breaks the current passing round the solenoid, 
allowing the weight to start on its travel downwards, carrying the 
drum round 4 The whole action takes place in the fraction of a 
second ; the energy used is therefore very small. To prevent 
sparking at the contact, a shunt of very high resistance is fitted 
in parallel with the winding solenoid, the current induced at 
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breaking passing round this, instead of jumping across the break 
of the contact. The contact is a sliding one, and should the circuit 
not be completed at the usual poiu^ eiUier through wear, the 
intervention of dust, or any other cause, it will be pushed on 
further till a contact la made, this sliding cleaning the platinum 
surfaces and keeping them in good order. The speed of the 
olock is controlled by means o£ a pendulum, and it is found to 
keep time with an accaracv well within ^ per cent,, whether 
running idle or when the meter has fall load on. The clock is 
self-starting, and should the current be switched off from the 
shunt solenoid, the driving weight will run to the bottom o£ its 
range and make the contact before the clock stops. Intmediat«lj' 
the current is switched on the weight is drawn up. The pallets are so 
designed that the soape-wheel teeth give the pendulum an impulse, 




Fro. 20.— Electricity Supply Meter. 
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and the clock starts off. In Fig. 21, the electrical part of the meter 
is shown. A long solenoid of wire, or copper ribbon, sufficient to 
carry the maximum current for which the meter is intended, has 
its ends connected to the main terminals. This solenoid has 
entered into it a soft-iron plunger, 1 6 cm. long and 1 *2 mm. diameter, 
suspended from a spiral spring of phosphor-bronze wire. This 
spring is in turn supported on the end of a small balance arm, the 
action of this being, partly controlled by gravity and partly by 
means of a small flat spring adjusted to the required position by 
screws below it. The action of this combined suspension is to 
/ allow the plimger to be drawn into the solenoid by an amount 
exactly proportional to the current passing in the solenoid, or so that 
the displacement for, say, one-half ampere is exactly a twentieth 
of that for 10 amperes. At the lower parts of the scale, before 
the iron plunger has reached saturation, the small beam acts alone, 
controlled by gravity ; next, it touches the small flat spring, this 
being so regulated by means of the adjusting screw below it that 
the deflections are proportional to the current, a shorter length of 
spring coming into use as the beam is pressed down, till with a 
current sufficient to saturate the iron the beam comes on a stop 
screw, and the spiral spring is alone in use. So that these 
vertical displacements may be recorded, the plunger passes 
between two rollers, one of these being geared bo the counter and 
the other carried on the end of a crank lever. At periodic 
intervals of about one minute the cam, driven at a uniform rate 
by the clock, causes the plunger to be gripped between the two 
rollers. Immediately following this motion the lifter begins to 
rise, lifting the plunger to the zero position, and making a record 
corresponding to the vertical displacement of the plunger, this in 
turn being in proportion to the current passing in the main solenoid. 
The zero position is adjusted that the lifting bar touches the 
stop and cannot raise the plunger above the zero mark. To 
allow the plunger to take up its next position, the cam now raises 
the end of the crank lever resting on it, throwing out the lower 
end carrying the roller, leaving the plunger free. The lifter bar 
now begins to descend, ready to bring the plunger back when it is 
next gripped. The whole plunger system is supported on a 
platform, which can be raised or lowered by means of a screw till 
the plunger comes to the zero mark. It may be said that an 
instrument with spiral spring suspension such as is used in this 
meter will not be permanent in its standardising. With springs 
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vonnd with ordinary oommerciat wire, that would be the case. 
The springs are Babjected to the following severe treatment and 
tests before being used : — They are wound from selected phoephor- 
bronze wire. After winding only uniform springs are taken, and 




these are bung in an oven having a temperature of 70 degrees 0., 
with a weight on the lower end of each corresponding to twice 
the maximum pull during working. In about foar days they are 
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divided the nerves of one side, and ten days later those of the 
other side. The animal died seven days later, and on examina- 
tion the nerves first divided were found united " by a substance 
having the same colour as the nerve, but not having the fibrous 
appearance." This, he states, was regeneration of the nerves, " a 
circumstance never hitherto observed." He thought that, given 
a longer time for the nerve first cut to regenerate, the animal 
might survive the division of the nerve of the opposite side ; and 
to prove this he divided the vagus of the right side, also in a dog, 
and three weeks later removed a portion from the vagus of the 
left side. The animal recovered perfectly. Eighteen days later 
he killed it, and found the nerves both united, the cut ends of the 
right nerve being united by a mass of greater thickness than the 
nerve, while those of the left were united by a narrower portion. 

The results of this investigation were communicated to the 
Royal Society by Wm. Hunter on 13th June, 1776, but the pre- 
vailing opinion being that the nerves were united simply by 
connective tissue, the paper was not thought worthy of publication 
until nineteen years later, when its importance was recognised. 
The preparation, however, was placed in Wm. Hunter's museum, 
and was the means of stimulating others to further researches. I 
found this preparation recently in the Hunterian Museum in 
Glasgow, and was easily able to identify it from the drawing 
published with the paper. (Plate.) ^ 

Fontana,^ who saw the preparation in Hunter's Museum in 
1778, commenced a research on rabbits, particularly with the 
object of determining whether the mass which reunites the ends 
of a cut nerve is composed of nerve substance, or is simply 
cicatricial connective tissue ; for he states that it was the latter 
view which William Hunter took of Cruikshank's preparation. 
Fontana saw in two of his vagus sections reunion occur, and saw 
the passage of the nerve fibres, which he had discovered in normal 
nerve, through the intermediary mass, and concluded that nerve 
regeneration was possible. 



' My thanks are due to Professor Young for his kindness in permitting 
me to photograph this preparation, and also for many valuable suggestions 
regarding this paper. The delay in printing Cruikshank's communication 
until after the death of Hunter accounts for the history of the preparation 
not having been inserted in the catalogue of the museum. 

' TraiU sur le venin de la vip^re, etc., tom. 2, p. 177. Florence, 1781, 
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Monro^ soon afterwards found in a frog reunion of the sciatic 
nerve, which had been divided a year previously, but concluded 
against reunion by nerve substance, as in his experiment he could 
not find return of sensation or motion, although the limb did not 
undergo the slightest trace of atrophy. 

Michaelis,^ who had also seen Cruikshank's preparation, made 
experiments on dogs, and found, as a rule, regeneration of the 
portion excised. He made an experiment, the priority of which 
is usually given to Haighton, to show that the function is not 
restored by means of anastomosis or supplementary supply, theories 
which were afterwards brought forward to explain return of 
function after nerve section. His experiment was performed on 
a dog, and consisted in excising one inch from the phrenic nerve 
(? vagus). The animal recovered from this in a few days. One- 
and-a-half months later he divided the nerve of the left side, and 
on the third day recut the first nerve, which by this time had 
reunited. The animal immediately showed the signs of division 
of both nerves, and died s6on afterwards. 

Amemann,' who published the results of his experiments soon 
afterwards, came to the opposite conclusion, as he never found 
regeneratioD. He admits the reunion of the ends of a divided 
nerve, but this is merely by connective tissue, the result of the 
growth of the nerve sheath and surrounding connective tissue. 
He admits, however, the possibility of a reunion which allows 
re-establishment of function, but this is the result of the close 
approximation of the ends and the absence of inflammation, the 
nerve current being then able to overstep the slight obstacle. 
He conducted two experiments on dogs to determine if nerve 
suture could bring about this favourable result, but, due doubtless 
to the want of antiseptic precautions, his results were so disastrous 
that he thought nerve suture an unjustifiable operation. 

Similar results, unfavourable to the view of the possibility of 
regeneration of nerves, had been obtained by several other 
workers after Arnemann, when Haighton* commenced his ex- 
periments. He followed the same method of investigation as 

' Observations on the Structure and Functions of the Nervous System, 
p. 81. Edinburgh, 1783. 

^ After Arnemann. Versuche fiber die Regeneration an lehenden Thieren, 
Gottingen, 1787. 
3 I.e. ^ Phil. Trans., 1795, I., p. 190. 



196 Philosophical Society of Glasgow. 

Cruikshank, and states that the differences of opinion, which then 
existed, depended on the fact that there was difference of opinion 
as to the normal structure of nerves, and that, until this was 
known, the only way to settle the matter was to take the 
physiological proof. He therefore repeated Cruikshank's experi* 
ments. He first divided both vagi and sympathetic nerves in a 
dog, and death ensued on the following day. Next he divided 
the vagus and sympathetic of one side, also in a dog, and six 
weeks later divided the nerves of the opposite side. In a month 
the dog had recovered, and at six months was as well as before 
the operation. He explained this as due to the reproduction of 
the cut vagus in the six weeks ; and the gradual improvement in 
the dog's condition he explained as the result of the gradual 
restoration of the nerve which had been cut at the second 
operation, together with the gradual further improvement of the 
nerve first cut. The dog was kept for nineteen months, and was 
used as a ''yard dog." At the end of that time, wishing to 
prove that the result was really due to nerve regeneration, he 
divided the nerves of both sides again, above the points of 
previous section, and the animal died on the following day. This 
experiment resembled that conducted by Michaelis, who, however, 
allowed his dog to live only three days after the division of the 
second nerve. 

Haighton did not attempt to prove the regeneration of nerves 
anatomically, and it was scarcely possible that this could have 
been done satisfactorily by the microscope at that time, but, two 
years later, J, C. H. Meyer' published the results of his 
investigations, which had been conducted by a new method, 
Beil had shown that nerve tissue resists the action of nitric acid, 
while the connective tissue is destroyed, and Meyer took this test 
to settle the point whether functional return is accompanied also 
by anatomical regeneration. Amemann's statement that the 
nerve current could spring across a slight barrier had, of course, 
not been refuted by the experiments of Haighton. Meyer, then, 
found, in the peripheral nerves of the dog, that, in little over a 
month, function returned after section. Whfen the restored 
nerves had been subjected to the action of nitric acid, nerve 
substance was left not only in the bulbs formed at the cut 
surfaces, but formed a string of nerve substance passing across 



SeiTsArchiv/.d, Physiol,, Bd. 2, 1797, S. 449. 
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between the two ends. Another experiment made by him is of 
importance, as tending to show the regeneration of nerves which 
have been cut off from their centres in the spinal cord and ganglia. 
He cut the tibial, and, thirteen days later, the sciatic, and, when 
examined at the end of sixty-eight days, the tibial was found 
united by a strand of nerve substance, and the sciatic was not 
united. 

The balance of opinion was still against the possibility of nerve 
regeneration, and it was thought that Haighton might have 
mistaken the nerves which he cut for the vagi.^ Provost,* 
therefore, repeated Haighton's experiments on five kittens, in 
each of which he first resected two-and-a-half lines from the left 
vagus. The right vagus he cut, in one at the end of a month, 
death resulting in fifteen hours ; in another, at the end of two 
months, ending fatally in thirty-six hours 3 and in two, at the 
end of four months, and in fourteen days both cats were well. 
To prove that the recovery was not due to anastomosis, he then 
cut the right vagus above the point at which it had previously 
been cut, and the animal remained welL The left vagus he recut 
in thirty-six hours, and death resulted in thirty hours. He then 
submitted the reunited nerve to microscopical examination, and 
states that he saw the passage of nerve fibres through the inter- 
mediate mass from one end to the other. 

The doubt which some still held of the possibility of nerve 
regeneration seems to have been finally dispelled by the work of 
Otto Steinriick,'* published in 1838. He conducted fifty experi- 
ments on frogs and rabbits, chiefly on the sciatic nerve, but in 
some cases on the vagus, infraorbital, and hypoglossal, in some 
cases simply dividing, and in others resecting a portion. He 
allowed many of the animals to live a long time, until sensation 
and motion were perfectly restored. He concludes that, under 
favourable conditions, reunion of the divided nerve occurs, first, by 
a connective tissue bond, in which ultimately are developed new 
fibres, which differ from the old neither in physical nor in chemical 
properties. The health of the animal must be fairly good, and 
the surrounding conditions favourable, and the time taken for the 
restoration of function varies from five weeks to one or two years, 

' Vidt Magendie. Jotim, de PhysioL Experiment,, 1821, torn. 1, 
No. 2, p. 120. 
« Froritp'8 Notizen, Bd. 17, No. 360, 1827, S. U3. 
^ Sthmidt's Jahrbiicher, Bd. 26, 1840, S. 102. 
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and he notes that sensation usually returns before motion. He 
found that the new fibres formed in the uniting mass are pro- 
duced both from the central and from the peripheral segments of 
the nerve. 

The chief difficulty in deciding for or against the possibility of 
reunion of a divided nerve by means of true nerve substance, 
hitherto lay in the fact that the anatomy of the normal nerve 
fibre was not perfectly known. But this defect was now remedied 
by the discovery by Remak in 1837 of the ^^primitiv Band," con- 
firmed two years later by Purkinje, and called by him the axis- 
cylinder, and by the discovery by Schwann in 1839 of the "mem- 
branous sheath," now called the sheath of Schwann. From this 
time onwards investigations on the subject were of a more precise 
character. Hitherto the observations made had been directed 
only to the determination of the possibility of a divided nerve 
being functionally restored by reunion by means of nerve substance, 
and from the time of SteinrUck, with few exceptions,^ the possi- 
biUty has been confirmed by all observers. 

But with Nasse^ a new subject of study was begun, namely, 
the changes which ensue in the nerve after division, and before 
restoration has commenced. This author studied the changes 
which ensued at the point of section in the sciatic in frogs and 
rabbits, and found that after section destruction of the primitive 
fibres took place, the fibre breaking up into cylindrical portions, 
ending in fatty degeneration with absorption, ultimately the 
whole fibre, including the sheath of Schwann, disappearing. He 
also found that the new fibres are smaller than the old and of 
difi'erent appearance. 

Giinther and Schon^ in the following year corroborated Nasse's 
discovery, and considered this change in the structure of the 
nerve as the cause of the speedy loss of conductivity in the distal 
segment of a divided nerve, and viewed the degenerative changes 
as the result of lowered vitality by the separation of the nerve 
from the centre. They found also that the distal segment of a 
divided nerve, which has lost its irritability and normal structure, 
can, if nob too long separated, reunite with the proximal end, and 
regain its structure and functions, and they regarded this reunion 
as effected from both the proximal and distal segments. 

' Vide HuTiN. M6moire8 de VAcad, Imp&r. de M^d*, torn. 19, 1855, p. 

467. 
« MiUkr's Archive 1839, S. 405* 3 MiUkr's Archiv, 1840, S* 270. 
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These observations on the degeneration of the distal segment 
were corroborated by Stannius,^ who was the first to make the 
observation that the degenerative changes are not confined alone 
to the immediate neighbourhood of the wound, nor even to the 
main distal stem, but that even the finest ramifications of the 
nerve in the muscular fibres show signs of the degenerative 
process. But this was only an isolated observation, and he gives 
it as such, without regarding it as proved to be a general law. 
His observations were made on toads and frogs, and he found 
that the loss of irritability of the distal segment took about eight- 
and-a-half days to become complete, and that the loss took place 
centrifugally. 

These earlier observations on degeneration of nerves were 
taken up by Waller* in 1849. He proved that the degeneration 
observed by Nasse is not confined to any limited section of the 
distal segment of a divided nerve, but that it extends to the 
ultimate ramifications. His observations were made principally 
on frogs, in which he had divided the glossopharyngeal nerve of 
one side. The animals were allowed to live from one to four 
months, and, at increasing intervals from the time of section, he 
examined the state of the terminal ramifications in the fungiform 
papillae of the tongue. By snipping off the papillae by means of 
sharp scissors, he was able to examine the microscopical appear- 
ance of the nerve endings in the living state. He also examined 
the degenerative process in his own tongue by applying a ligature 
round the base of a papilld., and snipping off the latter at the end 
of the third day. By these observations, and by examining also 
the distal stem of the glossopharyngeal in the frog, and the distal 
segment of the divided sciatic in rabbits, Waller showed that 
degeneration after section of a nerve extends from the point of 
section onwards to the ultimate ramifications. He also found 
that the central segment of the nerve remained unaltered. 
Pursuing his investigations further, he showed that, on dividing 
both roots of a spinal nerve above the ganglion on the posterior 
root, none of the sensory fibres below the point of section 
degenerate, while the motor do ; and of the portions of the roots 
above the point of section the posterior degenerates, while the 

^ Midler's Archiv, 1847, S. 443. 

''FhiL Trans., 1850, H., p. 423. Compt, Bend, de VAcad,, torn. 33, 
p. 606 ; torn. 34, pp. 524, 582, 675, 842, 979. Miilltr's Archiv, 1852, 
S. 392. London Joum, qf Med,, vol. 4, 1852, p. 609. 
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anterior remains normal. On dividing the posterior root below 
the ganglion, and leaving the anterior root intact, he found that 
the sensory fibres below the point of section degenerate, while the 
motor remain intact. Thus Waller was led to establish the law 
of dependence of the nerves on trophic centres, which, he showed, 
lie for the motor fibres in the spinal cord, and for the sensory in 
the ganglion on the posterior root, and to show that the 
degeneration resulting in the nerve fibre after section depends 
upon its separation from its trophic centre. He gave this also as 
a new method for the study of the nervous system, and was able 
to trace by its means the ramifications of the ultimate nerve fibres 
in the frog's tongue. He cut one glossopharyngeal, and showed 
by the ultimate degeneration that some of its fibres cross the 
middle line into the region supplied by the nerve of the opposite 
side, and also showed the existence of anastomosis with the 
hypoglossal nerve. 

He divides degenerative changes into three periods — the first 
being found in frogs in summer at the end of four or five days, 
at which period the intratubular contents of the papillary fibres 
are interrupted by transverse lines, and notes that this stage can 
only be accepted as a degenerative change by examining living 
fibres, and comparing with the normal papillary nerves of the 
opposite side of the tongue, as similar changes are produced in 
perfectly normal nerves post mortem^ or by treatment with 
reagents. His second period is developed by ten days, and then 
the tubes are filled with round or 'oblong masses, as if the 
contents had divided into two constituents. In the third period 
the tubes are filled with black granules, which resist the action of 
acids and alkalies. These are ultimately absorbed, leaving the 
nerve composed simply of collapsed membranous sheaths, re- 
sembling strands of connective tissue, having still here and there 
remains of the black granules. The axis-cylinder is not expressly 
mentioned by Waller, but as he refers to the whole intratubular 
contents, he evidently means that this structure disappears along 
with the medullary sheath. Budge, ^ who had worked partly in 
conjunction with Waller, came to the same conclusions* 

According to Waller, the old fibres never recover their 
functional activity or structural characters, and reproduction of 
the nerve after section occurs, not only in the intermediate portion 

' Zeitach,/, vnssenech, Zool,, Bd. S, 1851, p. 347. 
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uniting the cut surfaces, but also throughout the distal segment 
to the ultimate ramifications. In frogs, in which the glosso- 
pharyngeal had been divided three to four months previously, 
he found that, while the papillary nerves contained tubes in the 
third period of degeneration, there were also newly formed fibres 
lying between the old. These new fibres he found much narrower 
(J-|^) than the original fibres, pale, with no double contour, of 
unequal diameter, with fusiform nuclei at intervals, and closely 
, resembling the fibres in the young frog, just after the tadpole 
stage. He holds these fibres to be new formations, as they always 
lay' among the old fibres, never within them. He found that 
these new fibres were developed centrifugally, as they became 
more numerous as higher levels of the nerve were examined ; and 
they are also dependent upon reunion, as they were never seen 
until the intermediary portion contained new fibres. At the end 
of nine months almost all the papillae contained new fibres. 

Waller's view, then, is that the result of section of a nerve is 
inevitable destruction of the nerve fibres throughout the distal 
portion ; and that regeneration only occurs when the distal segment 
becomes connected to the proximal ; and that the formation of 
new fibres begins after the old are degenerated, starts in the 
intermediate portion, and travels on to the ultimate ramifications; 
these being found in the frog to contain regenerated fibres at the 
end of nine months. 

This view of regeneration was widely accepted, and the first 
publication to throw doubt upon it was that qi Paget^ in 1853. 
In this publication he gives an account of two cases of restoration 
of function after division of the nerve, effected so speedily that 
there was scarcely time for the process described by Waller to 
have occurred. The first case was that of a boy, in whom the 
median and radial nerves had been divided a little above the 
wrist. The nerves were not sutured, and yet function, which had 
been totally lost directly after the injury, began to return in the 
median distribution in ten days, and was nearly perfect in a month. 
The second case was that of a boy whose hand had been almost 
severed from the forearm at the wrist, the median and radial 
nerves being divided. Sensation began to return in from ten to 
twelve days, although no sutures were employed* These cases 

' Paget, James. Lecturet on Surgical Pathology. London, 1853, vol. ii^ 
p. 282. 



202 Philosophical Society of GlasgorJC, 

Paget gives as examples of healing " hj immediate union, or by 
primary adhesion with an exceedingly small amount of new 
substance." He accepts the process described by Waller for cases 
in which such early union fails. 

These clinical observations were supported by Schiff,^ who made 
his observations on cats and dogs. He admits fatty degeneration 
of the whole distal segment of the nerve, but differs from Waller 
in that he maintains that the sheath of Schwann and the axis- 
cylinder remain unaltered. In the axis-cylinder, even after four 
months without reunion, he could find no change microscopically 
or in response to reagents, although the portion of nerve was no 
longer irritable. He thinks that Waller's new fibres were simply 
the old, deprived of the medullary sheath; in fact, old fibres at the 
ultimate stage of their degeneration ; and that the fusiform nuclei 
were simply the nuclei of the old fibres, made visible by the 
removal of the myeline. Schiff, like Paget, saw recovery of 
function after seven to thirteen days, and believes that the new 
fibres are the old, restored by reaccumulation of the myeline. 
In experimental division of the lingual and infraorbital nerves, 
where he examined the distal portions in from three to four weeks, 
he found many of the fasciculi which contained only restored fibres 
without any trace of degenerated fibres; and in other cases, 
tracing the restored fibres, he saw that, at intervals, traces of the 
degenerated myeline remained. 

Bruch* supports the Wallerian doctrine of degeneration, but 
holds that the change is a kind of coagulation, similar to that 
which occurs after death. He never saw simple fatty degeneration, 
and in this he is supported by most of the later writers. But, like 
Schiff, he holds that the change in the fibre can be compensated 
for, with return of function and structure in the old fibres, if 
reunion occurs. A cat, in which he had divided the sciatic, had 
recovered function perfectly, and, on examining the seat of section 
four months after the operation, he found, to the naked eye, no 
trace of cicatrix, and it was only on stretching the nerve that 
the seat of section was seen. Microscopically he found here that 
the fibres above and below were normal, and that at the seat of 
union there was on each a slight constriction on the sheath of 
Schwann. The axis-cylinders were continued across, and the 

* Compt, Rend, de VAcad., torn. 38, 1854, p. 448. 
^ Zeit8chr. f, wissensch. ZooL, Bd. 6, 1855, S. 136. 
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only difference was that the medullary sheath at this spot was 
more transparent. He inclines to the view that primary union 
can occur. 

An important paper was published in the following year by 
Lent/ in which he admits the fatty degeneration change, but 
holds that the empty sheaths of Schwann are left with their 
nuclei, which were previously hidden by the myeline. He notes 
with Schiff that there are two kinds of degeneration — one the 
immediate result of trauma, affecting both the central and 
peripheral ends, and the other paralytic, due to the separation 
from the centres, affecting the whole peripheral segment, and 
leaving this ultimately composed simply of the collapsed sheaths 
of Schwann with their nuclei. Ihe paralytic degeneration begins 
in the whole peripheral segment down to the last ramifications 
simultaneously, but proceeds more rapidly in the finer twigs. He 
thinks, with Schiff, that Waller's new fibres were simply the old 
empty sheaths, and traced the degenerative steps up to this point ; 
and holds that it was accidental that Waller did not see them till 
new fibres were formed in the intermediary portion. He main- 
tains that the old fibres become gradually restored after reunion 
is effected. He found that in the process of reunion, at both the 
central and peripheral ends, the nuclei of the old fibres proliferate, 
and the sheath with its nuclei extends into the intermediary 
mass, and when reunion is complete the mass contains medullary 
fibres ; but he does not know how the formation of the myeline 
and axis-cylinder here occurs. He does not agree with Schiff that 
the axis-cylinder is retained in the distal segment, and holds that 
in regeneration it is formed anew. He does not agree with 
Bruch that reunion by first intention can occur. He finds that 
the regenerated nerve has the appearance of an embryonic nerve 
at first, the fibres being the old, deprived of their axis-cylinder and 
medullary sheath, and that, as reunion occurs, the axis-cylinder 
and medullary sheath are gradually reformed, the most important 
structure for this reformation being the sheath of Schwann with 
its nuclei. 

Schiff^ wrote in answer to Lent, maintaining the persistence of 
the axis-cylinder, which, he states, can always be brought out by 
treatment with solution of corrosive sublimate. He does not 

^Zeitschr, f, wissensch. Zod., Bd. 7, 1856, S. 1464 
^Zeitschr. f. wissensch, Zod., Bd. 7* 1856> S» 338. 
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agree that there is proliferation of the nuclei of the old sheath at 
the seat of section, and thinks that the perfect restoration by first 
intention, described by Bruch and denied by Lent, occurs often. 

From the time of Waller's investigations, the view that the 
distal segment of a divided nerve, in addition to undergoing 
degeneration throughout its extent as a result of separation from 
its centres, is incapable of being regenerated until united again 
to its centres, had been received without contradiction. While 
confirming the ultimate degeneration as a result of separation, the 
researches of Philipeaux and Yulpian,^ published during the year 
1859, showed that the regenerative capacity of the distal segment 
of the nerve is not dependent on a restoration of communication 
with the centres. As early as 1828 Flourens^ had published the 
result of an experiment made to determine whether after section 
of two neighbouring nerves and cross suture, the proximal segment 
of the one nerve could unite with the distal segment of the other 
nerve. In a fowl, in which he had in this way cross sutured the 
proximal segment of the nerve supplying the under muscles of the 
wing to the distal of that supplying the upper muscles, and vice 
versa, cross union had been effected, and irritation of the proximal 
segment of the lower nerve induced contractions in the muscles 
supplied by the upper nerve, and vice versa, thus showing that at 
least the motor portions of mixed nerves are capable of cross 
union. Bidder,' in 1842, had investigated in dogs the possibility 
of union of functionally different nerves by suturing the proximal 
end of a divided hypoglossal to the distal end of the divided 
lingual, and vice versa, but with negative results. Gluge and 
Thiemesse,* in 1859, had repeated Bidder's experiments, and 
had concluded that the sensory nerve is incapable of becoming 
united to the motor functionally; but found in the course of 
their investigations that, after four months of separation from the 
centres, the distal segment of the nerve was still capable of 
inducing on irritation strong contractions in the muscles. This 
Gluge and Thiernesse regarded as irritability of the distal segment 
retained, not regenerated. Philipeaux and Yulpian, in i*epeating 
these experiments on cross suturing, and finding reunion and 

< C . I ■■ ■ ■ . 

' Compt. Bend, de PAcad., torn. 49, 1859, p. 607 ; torn. 61, 1860, p. 363» 
(jhtzette M4d, de Paris, torn. 15, p. 420. 
"^ Schmidt's Jahrbucher, Bd. 5, 1835, S. 94. 
3 Mailer's Archiv, 1842, p. 102. 
* Journ, de la Physiol., Brown-S^quard, torn. 2, 1859, p. 686. 
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regeneration in the distal segment of the hypoglossal after suture 
to the proximal segment of the vagus, wished to find whether the 
distal segment of the hypoglossal would not have regenerated 
independently of its connection to the vagus. In one of their 
experiments (Exp. II.) they resected a portion from the hypo- 
glossal in a dog, and on examination in 84 days no reunion 
of any kind had occurred ; and yet the distal segment con- 
tained young regenerated fibres. In other cases (Exp. III.), 
examined 46 and 47 days after the resection, young fibres were 
found present, in addition to the remains of the degenerated 
fibres; and yet reunion had failed. In another experiment 
(Exp. IV.) the progress of events was well shown. A portion 
of the hypoglossal having been excised in a dog, the examination 
was made two months and seven days after the operation, and 
showed that signs of degeneration were still present, and that 
regeneration was in its earliest stage. On electrical stimulation 
no contractions could be induced in the muscles. This animal was 
allowed to live, and was examined again in four months and 20 
days from the time of the original operation. There was still no 
reunion of the divided ends of the nerve, but now irritation of 
the distal segment induced strong contractions in the muscles, 
and microscopical examination showed plentifully new nerve 
fibres. Similar results were obtained with the distal segment of 
the divided lingual in the dog, and also with the sciatic and 
median in the guinea-pig. Thus Philipeaux and Yulpian ex- 
plained the observation of Gluge and Thiemesse, that the distal 
sesnnent of the nerve was irritable at four months from the date 
of separation ; for this was not retained irritability, but the nerve 
had in the interval become regenerated. They found that in 
from six weeks to six months the distal segment of a divided 
nerve had undergone complete degeneration, with the exception 
of a few fibres which retained their normal aspect. These fibres 
were derived from neighbouring nerves by anastomosis. Thus, in 
the lingual, there were a few normal among the degenerated 
fibres, these being derived from the hypoglossal; and in the distal 
segment of the hypoglossal pain was produced by pinching with 
forceps, this being the recurrent sensibility discovered by 
Magendie, and explained later by Claude Bernard^ as due to 

^ Legons aur la physiologic et la pathologie du SyaUme Nerveux^ torn. 1. 
Le9. 2 et 3. Paris, 1858. 
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anastomoiio fibres. The regeneration of the distal segment ot 
the nerve, while still remaining unconnected with the proximal 
segment, might, then, have been due to some influence received 
from the centres through these anastomotic fibres, or it might 
have received some influence from the periphery by terminal 
anastomosis with other nerves. Philipeaux and Yulpian, how- 
ever, disposed of these objectiopis by an experiment on the lingual 
nerve of a young dog. A portion was resected from the nerve, and 
the examination in 46 days showed no reunion, fibres degenerated, 
and only feeble indications of restoration. For this examination 
a new portion had been excised, leaving a part of the lingual 
isolated both from the central and from the peripheral segments. 
At the end of 38 days more, numerous new fibres were found, not 
only in the distal segment, but also in the section isolated from 
both ends, showing thus that regeneration is independent. Thus 
these authors conclude that nerves, motor, sensory, or mixed, 
" separated from their centres, may, remaining isolated from their 
centres, recover their normal structure and physiological pro- 
perties,'' and that nerve tissue has an autonomy as other tissues. 
Although the distal segment of the nerve can thus be completely 
restored anatomically and physiologically, while remaining 
separate from the centres, yet they found that reunion is not 
without its eflects. Under the influence of reunion the nerve is 
regenerated more rapidly than when remaining separate, but 
otherwise the character of the restoration is the same; and 
they hold that to regard this hastening of the restora- 
tion as due to influence from the centres can only be 
accepted as a provisional explanation of the facts, pending 
their true explanation. It is clear, however, that reunion, while 
not essential to regeneration of young nerve fibres, enables 
functional activity to be established and exercised at the earliest 
possible period, and, as it is well known in other tissues that 
functional activity has an influence in promoting structural 
perfection, the same explanation may account for the rapidity of 
regeneration observed by Philipeaux and Vulpian, when reunion 
had occurred. 

These authors also describe the characters of degeneration and 
regeneration. They hold with Schiflf that the axis-cylinder is 
retained, and that degeneration consists simply in a destruction 
and absorption of the myeline. The axis-cylinders remain, 
surrounded by their sheaths of Schwann, which support many 
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nuclei ; probably derived by proliferation from the nuclei of the 
sheath. Kestitution is, then, simply a reaccumulation of the 
myeline, the new fibres having at first a small diameter, which 
gradually becomes greater as the myeline accumulates. According 
to Philipeaux and Yulpian, then, degeneration is not a total 
destruction of the fibre, but simply an alteration ; and reforma- 
tion is a reaccumulation of the myeline, and is^ therefore, not a 
true regeneration, but simply a restoration. In support of 
autogenetic regeneration, they found in a later investigation^ in 
two cases, that portions of the lingual nerve, transplanted under 
the skin of the inguinal region in dogs, contained new fibres after 
six months. 

These results which, if true, are of so great importance in 
surgery, were so much against the view established by Waller, 
that they were not allowed to pass without severe criticism. 
While Brown-S^quard^ gave his assent, and, later, Comil' 
supported from an experiment of his own, Schiff*, Landry*^, and 
Ambrosoli* wrote at the time opposing the opinions of Philipeaux 
and Vulpian, not only on the ground of their own researches, but 
also from a criticism of their work. Schiff pointed out that the 
animals upon which they had experimented were all very young, 
and that, in the earlier periods of life, the nerves are less 
dependent on their centres in the cord and in the ganglia, and 
that in the embryo they are so little dependent on the centres 
in the cord that an embryo in which the cord had not developed, 
presented the anterior roots of the spinal nerves without patho- 
logical change. Ambrosoli explained the results on the same 
ground, and held that the nerves at an early period possess local 
nutritive centres ; but both Schiff and Ambrosoli held that this 
independence applied only to the earliest periods of life, and that 
the results of Philipeaux and Yiilpian could not have been 
obtained in adult animals. Almost all the subsequent writers 
have opposed the conclusions of Philipeaux and Yulpian, some 
maintaining with Banvier that the regeneration which they found 
was due to connecting strands between the two divided ends. 



* Gcmtpt, Rend, dt VAcad., torn. 52, p. 849. 

^Joum. de la Physiol., Brown-S4quard, torn. 3, 1860, p. 160. 
^ Archives GdnSrcUes de M4d., torn. 19, 1862, p. 81. 

* Joum. de la Physiol., Brown-S^quard, torn. 3, 1860, p. 217. 

5 Ibid., p. 218. 

6 Schmidt's Jahrhucher, Bd. 108, 1860, S. 289. 
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were not perceired. Thus, there was no sensation of pain on 
pricking with a pin the palmar aspect of the middle finger ; and 
the sensation of difference of temperature could not be dis- 
tinguished. On the fourth dajr after the operation, the sensation 
of pain began to return obtusely, and temperature differences 
could be perceived. The case was published on the eighth day, 
when all the improvement gained had been conserved. 

When these two cases were published they gave rise to much 
discussion. The ahnost general opinion that to suture a nerve 
was to run grave risk of producing tetanus, neuritis, and other 
troubles, and the scanty details given in publishing the cases, 
induced several workers to begin investigations on animals, with 
the view of determining the effects of nerve suture. Eulenburg 
and Landois^ conducted seventeen experiments on rabbits and 
dogs, cutting the sciatic, and in other cases the vagus and 
sympathetic, and suturing with silk, horse hair, or metallic 
sutures. As a result of their work, they came to the conclusion 
that, even with perfect coaptation of the nerve and immobilisation 
of the limb, cut and sutured nerves show in rabbits and dogs no 
tendency to heal by £rst intention ; that, instead, there was olear 
evidence of interrupted conductivity at the seat of suture, and 
loss of function ; that the subsequent microscopical examination 
of the distal segment of the nerve showed that it was degenerated, 
and that the axis-cylinder shared the fate of the medullary sheath j 
iki&t in many cases neuritis and perineuritis, suppuration and 
metastatic processes in the lungs resulted from the employment of 
the suture ; and that, in the absence of details and of the later 
results in the cases of N^laton and Laugier, the advisability of 
nerve suture in surgery was very problematical. 

Gu^rin^ was also opposed to the use of sutures, as, in his 
opinion, it was a dangerous auxiliary. He was familiar with heal- 
ing by first intention, and held that the nerve ends must be 
approximated, when the exudation of plastic material between the 
ends was all that was necessary for a functional reunion by the 
ourth or fifth day ; but he was opposed to securing this approxi"> 
mation by means of suture. 

Eulenburg and Landois^, in a further research, corroborated 
their former conclusions, and added the further objection to the 

^Berl hi, Wockenschr,, 1864, 1., Nos. 46, 47. 

«» Gaz. M4d, de Paris, 19, 1864, p. 415. 

3 Schmidt's JahrbUeher, 1865, Bd. 128, S. 320. 
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use of the suture that it not only did not hasten, but actually 
hindered reunion. This conclusion they drew from an experiment 
in which they had sutured the sciatic with iron wire. The foot 
became gangrenous, but the wound and gangrene both healed. 
Function did not return, although the animal lived for several 
months. On examining the seat of suture, they found the nerves 
united by a mass of connective tissue without any trace of nerve 
fibres. 

The unfortunate results obtained by Eulenburg and Landois, 
which led them to declare against nerve suture, were in a measure 
counterbalanced by the work of Magnien^ published soon after- 
wards. From many eases of suture performed by him in horses, 
rabbits, and cats, he was led to conclude that the suture in no way 
does injury; and in two cats he found after suture return of 
sensation in seven and eleven days, and of motion in fifteen and 
twenty-five days respectively. 

In the following year attention was drawn to a fact which 
seemed at the time inexplicable. The view that division of a 
nerve involved complete, anaesthesia of the parts supposed 
anatomically to be exclusively supplied by that nerve was shown 
by Richet^ to be not without its exceptions. A female who had 
received a wound above the annular ligament at the wrist was 
examined by him, and the median nerve was found divided. On 
cutting a portion from the distal segment great pain was pro- 
duced, and, moreover, the region of the skin supplied by the 
median nerve still retained its sensibility ; yet the muscles were 
paralysed. The nerve was sutured, but the operation does not 
seem to have been followed by return of function in the muscles. 
Lockhart Clarke,' who saw the case eight days after the injury, 
testifies that the sense of touch was perfect, that the part touched 
was rightly localised, but that the sense of pain was dulled, and 
temperature sense unsatisfactory. 

A similar case was published immediately afterwards by 
Kiallmark.* The case was one in which the ulnar nerve had 
been divided at the elbow. A portion was cut off", producing 
thereby great pain, and this portion seemed to Kiallmark to 
include the whole thickness of the nerve. Yet, beyond slight 



' Virchow-Hirtch, Jahreshericht, 1866, Bd. 1, S. 115. 
^Qaz, des HdpitauXy 1867, pp. 619, 531, 555. 
3 Lancely 1867, vol. 2, p. 747. 
* Lancet, 1867, vol. 2, p. 747. 
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numbness in the little and ring fingers, the patient complained of 
no impairment of sensation or motion in the hand or forearm, and 
in a few days resumed his occupation. 

Eichet attempted to explain his case on the theory of recurrent 
sensibility, and also thus explained the return of sensation in 
Laugier's case, and asks if the sensibility in that case was ever 
really absent. He also states that, contrary to the account of 
Kelaton's case, published by Houel, N^laton had told him that the 
sensibility remained after section, and before the suture had been 
applied.^ But the cases remained more or less enigmatical until 
the following year, when Arloing and Tripier^ made a series of 
experiments on dogs with a view to explain the phenomena. For 
their purpose they found the fore limb of the dog most suitable. 
Their work was diyided into two parts — first, the explanation of 
the sensibility remaining in the distal segment of a divided nerve ; 
and, second, the explanation of the sensibility in the skin after 
division of the nerve which is supposed exclusively to supply it. 

They found, on examining by the Wallerian method, that after 
section of a nerve some fibres remained in the peripheral segment; 
which did not undergo degeneration ; and to these was due the 
sensibility of the segment. They also found that, as long as one 
of the collateral nerves remained undivided, this sensibility was 
retained in a greater or a less degree, provided that the section 
was made below the elbow. "With regard to the sensibility of the 
skin, they found that it was impossible to find a part of the skin 
which was exclusively supplied by a single nerve ; that the section 
of one of the four collateral nerves supplying a toe produced no 
change in the sensibility; that the section of two produced 
scarcely any loss of sensibility ; that the section of three produced 
a more marked loss ; and that it required the section of all four 
to effect a total anaesthesia. They, therefore, concluded that the 
nerves supplying the paw formed by anastomosis a network in the 
skin, and that each papilla was supplied from all sources, and that 
some of the fibres of this network ascended the stems of the 
nerves, accounting for the undegenerated fibres seen microscopic- 
ally, and for the recurrent sensibility. This explanation, then, 
was taken as accounting for the phenomena observed in cases such 
as that of E.ichet : the sensibility was there retained, owing to the 
neighbouring nerves also taking part in the supply of that part of 

* Lc, p. 665. 

« Oompt, Bend, de VAcad., torn. 67, 1868, p. 1058 ; torn. 68, 1869, p. 547. 
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the skin which was apparently exclusivelj supplied by the 
median nerve. 

In the following year a case was observed by L^ti^vant,^ which 
was unexplained by anything which was known at the time. 
The case was one in which, for the treatment of tetanus, arising 
from a wound in the hand, he had divided the median in the 
upper third of the arm. He found, on examining a few hours 
after the operation, that not only did the sense of touch remain 
in the median distribution, but although all the muscles supplied 
by the median were paralysed, there were present traces of 
movements resembling those performed by the paralysed muscles. 
After nine months, while the muscles supplied by the median 
were still paralysed, and now atrophied, the movements were 
strongly developed. Thus flexion of the index and middle fingers, 
and flexion, abduction, and opposition of the thumb, were all 
possible to a greater or less degree. On this case L6ti6vant 
founded his theory of the ^^ suppUa/nces motrices et sensitives" a 
theory which has since been taken to explain return of function 
after nerve section in many cases in which that return was really 
due to regeneration, with imperfect return of function. His 
theory is that neighbouring muscles take the place of the muscles 
which are paralysed, though necessarily in an imperfect degree. 
Thus in his case, although the pronators were paralysed, still 
their function was imitated by the internal rotators of the 
humerus at the shoulder joint, coupled with the flexors of the 
forearm, the mechanical weight of the hand rendering tibe move- 
ment easier. The flrst phalanges were flexed by the interossei; 
the flexion of the second and terminal phalanges of the middle 
flnger by the tendinous expansion which associates its flexion 
with that of the ring finger; while the second and terminal 
phalanges of the index and terminal of the thumb were passively 
flexed by the extensors of the metacarpus pulling on the para- 
lysed flexor tendons ; while the feeble opposition of the thumb 
was eflected by the simultaneous contraction of the abductor and 
short flexor muscles. The retention of sensibility as far as touch 
is concerned he explained as due to the finer anastomoses, and 
also to the sense of touch mediately communicated to neighbour- 
ing normal papillae. 



^ Virchcw-Eirsch, Jahreslericht, 1869, Bd. 2, SS. 291, 321. Trait6 
dee eeciions nerveuats, Paris, 1873. 
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But there have been seyeral cases published in which, after 
section of a nerre, although anaesthesia resulted after the section^ 
and although it was concluded that reunion of the nerve had not 
occurred, yet sensibility returned in the course of time. Weir 
Mitchell^ published a case of this kind, in which for neuralgia he 
resected three-quarters of an inch from the median in the forearm, 
and doubled up the ends to prevent reunion. Examined two 
weeks later, " there were large regions of the hand into which a 
needle could be thrust deeply without causing pain." The follow- 
ing year he removed three inches from the musculo-spiral ; and a 
portion of this nerve had three years before been resected, and 
regeneration had occurred. Some weeks after the second opera- 
tion on the musculo-spiral, sensation returned in the median dis- 
tribution, and there was also a notable retention of sensibility in 
the region supplied by the radial nerve. For this sensibility, 
according to Weir Mitchell, only some filaments of the internal 
cutaneous, of the musculo-cutaneous, and of the ulnar were re- 
sponsible. 

To account for such cases Tillmanns' suggests that from neigh- 
bouring intact nerves filaments can grow out into the anaesthetic 
region, and instances the experience which is met with in the 
plastic operation for repair of the nose from the tissue of the fore- 
head, where for some time the patient refers the sensation of 
touch in the flap to the forehead, but ultimately rightly locates 
it. A more probable explanation of this phenomenon is that 
sensation is conducted along twigs passing into the flap, which at 
first the patient refers to the forehead, as he has been accustomed 
to, but that he ultimately learns by experience to refer the sensa- 
tion to the new position. 

The explanation given by E.emak^ to account for these cases 
with delay in return of sensation, and yet without reunion of the 
nerve, is that the anastomosing fibres may become developed, in a 
way comparable to the development of the collateral circulation 
after occlusion of an artery. 

These theories, while they may be applicable, and doubtless 
are, to certain cases, have been made use of by some to account 
for early return of function after nerve section, when in many 
of the cases to which these explanations are given, the return of 

^ The American Jour, of the Med. Sciencesy vol. 71, 1876, p. 321. 
^Archivf, kl. Chirurg. v, Langenbeck, 1882, Bd. 27, S. 1. 
^Berl U, Wochmachr,, 1880, S. 126. 
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function is really due to nerve regeneration. Indeed, Tillmanns 
and others refuse to take the return of sensibility at all as 
evidence of functional reunion of a divided nerve, unless that also 
is accompanied by return of voluntary muscular power. The 
view which many hold of the process of regeneration involves for 
its accomplishment the lapse of a considerable period of time. 
Others, again, hold that, if the divided nerve is immediately 
sutured, it may heal by first intention, and function be restored 
speedily; but if this fails, the prolonged process of regeneration 
must occur. Yet there are many cases published in which the 
process of healing by first intention has manifestly failed, and in 
which the return of sensibility occurs too soon for the process of 
regeneration usually accepted to have occurred. For these cases 
the theories which have been described are taken as an explana- 
tion. Thus Yanlair/ who holds that, if first intention can occur^ 
it is very exceptional, holds that, if sensibility returns very soon 
after nerve section, it is due to anastomosis, and the anaesthesia 
present for the short interval has been due to the numbing effects 
of haemorrhage ; if more slowly, it is due to supplementary fibres ; 
and if there is a very long delay before restoration of function, 
then it is due to regeneration. 

The histology of degeneration and regeneration of nerves has 
been so frequently investigated, that from the time of Waller 
scarcely a year has passed without the appearance of one or more 
papers upon the subject. Most of these investigations have been 
conducted on rabbits, fowls, guinea-pigs, dogs, cats, and rats. 
On some of the questions almost all are in agreement, while on 
others there is great diversity of opinion. All authors agree with 
Waller that the ultimate result of separation of a nerve from its 
centres is degeneration of the part separated; but, in opposition to 
the majority, who regard this degeneration as inevitable, Schiff, 
Bruch, Gu6rin, Hertz,^ Gluck,' and Wolberg* believe that, if the 
divided ends are accurately coapted, and reunite before degenera- 
tion occurs, healing by first intention takes place, and the de- 
generative process is avoided. All are also agreed since the work 
of Schiff and that of Lent that, preceding the Wallerian degenera- 
tion, there is a traumatic degeneration affecting a small portion 

1 Archives de Biol, 1882, torn. 3, p. 379. 

« Virchow's Archiv, 1869, Bd. 46, S. 257. 

^ Ibid., Bd. 12, 1878,8.624. 

^Deut. Zeitschr. f. Chirurgie, Bd. 18, 1883, SS. 293, 484; Bd. 19, S. 82. 
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of the central and peripheral ends. Much diversity of opinion, 
however, exists as to the nature of degeneration and the parts of 
the nerve fibre which it affects. The older writers, Nasse, Schiff, 
Landry, Walter,^ and others, describe the change as simply a fatty 
degeneration, the resulting fat being simply absorbed. Bruch, 
again, regards it as a coagulation, comparable to that which takes 
place after death, but ultimately becoming fatty. Kanvier' re- 
gards it as caused by the increase of the nucleus and protoplasm 
of the internodal segment, which first cuts the contents of the 
fibre into two in the middle of the segment, and ultimately breaks 
them up into segments by the increase of the protoplasm lying in 
the indentations of Schmidt.' Meanwhile the medullary sheath 
breaks into an albuminous and fatty constituent, and is gradually 
absorbed under the influence of the increasing protoplasm. 
Howell and Huber ^ find that the process begins as a coagulation, 
and that the myeline breaks into the segments of Lantermann '' 
before the increase of protoplasm commences. The further 
fragmentation and absorption is brought about under the influence 
of protoplasmic increase, but a fatty element is not found. 
Colasanti ^ and Tizzoni ^ regard it as, in the first instance, a break- 
ing up into the segments of Lantermann ; and the latter holds, 
along with Korybutt-Daszkiewicz,^ that the further destruction 
takes place by means of leucocytes, which have wandered into the 
interior of the fibre by diapedesis, through openings in the sheath 
of Schwann, or at the cut end. Banvier, it may be mentioned, 
describes the entrance of leucocytes into the fibres of the central 
and peripheral ends, under the influence of which the medullary 
sheath is broken up ; but he holds this view only for the trau- 
matic degeneration, and maintains that in the paralytic degenera- 
tion of the distal segment they take no part. Stroebe ^ holds 
that the contents of the tube break up into irregular masses, 
which are partly fatty, and that the corpuscles formed by pro- 

1 Virchow's Archiv, Bd. 20, 1861, S. 426. 
« Compt. Bend, de VAcad,, 1872, p. 1831. 
' Monthly Microscop. Jeum., 1874, vol. 11, p. 200. 

* Joum. of Physiology, vol. 13, 1892, p. 335; vol. 14, 1893, p. 1. 

* Archiv f, mikros. AnaL, Bd. 13, 1877, S. 1. 

« Archiv f. Anat, u. Physiol. (Physiol. Abth.), 1878, S. 206. 
T CentrcUblattf. die med, Wissensch., 1878, No. 13, S. 225. 
8 Virchow-Hirsch, Jahreshericht, 1878, Bd. 1, S. 47. 
» ZiegUr^s Beitrage, 1893, Bd. 13, S. 160. 
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liferation of the nuclei of the sheath of Schwann and the proto- 
plasm act towards the degenerated contents as phagocytes, trans- 
porting them into the lymphatic system. Biingner ^ and Nott- 
hafift ^ regard the shrinkage of the axis-cylinder as the cause of the 
first fragmentation of the contents of the tube, and the increase 
of the internodal protoplasm and nuclei as the cause of the 
further breaking up and absorption. 

Neumann,^ Eichhorst,^ and Dobbert take a different view from 
that of any other authors, namely, that the change after section is 
not a true degeneration, but a chemical alteration both pi the 
myeline and of the axis-cylinder, whereby the difference between 
these two disappears, and the sheath of Schwann is filled with homo- 
geneous protoplasmic contents, nothing being absorbed. This 
view they take from the different reaction to osmic acid of the 
contents of the tubes at various stages of degeneration. They 
find, as others have found, that the bluish-black stain characteristic 
of myeline gradually changes and becomes less intense, until the 
colour is a uniform greenish yellow, and this they take as indicating 
not a replacement, but a gradual change of the contents to proto- 
plasm. They also think that their theory is favoured by the fact 
that the sheaths of Schwann at the ultimate stage of change are in 
transverse section circular, and not collapsed as they would be if 
empty. 

Opinions are divided on the parts of the nerve fibre which 
degenerate. The view taken by Waller that the whole of the 
fibre degenerates, namely, that the axis-cylinder and medullary 
sheath are broken up and absorbed, and that the sheath of Schwann 
becomes simply a string of connective tissue, is supported by 
Walter, Landry, Ambrosoli, Eulenburg and Landois, and Yanlair \ 
also Benecke,^ Bertolet,* Bakowiecki, '^ Ranvier,® and recently 
Biingner, Howell and Huber, Stroebe, and Notthafft hold to the 
same view, but modified in so far that, while the axis-cylinder and 



1 Ibid., 1891, Bd. 10, S. 321. 
» ZtiUchr,/. wissensch, Zool, Bd. 65, 1893, S. 134* 
^ Archiv der ffeilkunde, IX., 1868, S. 193. Archiv /, mikros, AnetLj 
Bd. 18, 1880, S. 302. 

* Virchaw's Archiv, 1874, Bd. 59, S. 1. 

» Virchow'8 Archiv, Bd. 65, 1872, S. 496. 

« The American Jour, of Med, Sc, vol. 71, 1876, p. 321. 

^ Archiv f, mihros. AncU., Bd. 13, 1877, S. 420. 

® Lemons sur Vhisiologie du systime nerveux, Paris, 1878. 
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medullary sheath are early destroyed and absorbed, the sheath of 
Schwann remains until it is disposed of to make room for the 
growth of the young regenerated fibres. The view maintained by 
Lent, Bindfleisch, Colasanti, Aufrecht,^ Tizzoni, Leegaard,^ 
FaJkenheim,® and Peyrani^ is that the axis-cylinder and the 
medullary sheath are destroyed and removed, and that the sh^th 
of Schwann persists. Hertz takes the same view, except for the 
cases where healing by first intention occurs ; and Erb^ that in 
slight injuries, such as compression, the axis-cylinder is retained ; 
but that where there is complete division it is destroyed, but only 
at a late period, and that even then it may be of importance for 
regeneration. Yulpian, also, in his later work, finds that the 
axis-cylinder disappears. Banvier holds that, in the traumatic 
degeneration of the central end, the axis-cylinder is only excep- 
tionally destroyed. 

That the medullary sheath is destroyed, while the axis-cylinder 
and sheath of Schwann are retained, is the view advanced by 
Schiff, Philipeaux and Vulpian, Hjelt,* Magnien, Laveran,'^ Hertz 
(for cases where first intention occurs), Erb (for slight injuries), 
Gluck, Mitchell,® Wolberg, while Korybutt-Daszkiewicz holds 
that the axis-cylinder is broken up, but retained; and Bemak 
believes also that it is retained, not from direct observation, but 
on the ground that he found that it belongs to the most resisting 
structures of the body, resisting putrefaction longer than bone. 

The increase in the number of the nuclei of the sheath of 
Schwann during the process of degeneration has been observed by 
all, but the phenomenon has been differently interpreted. SchifiT, 
Lent, and Wolberg state that the increase in number is only 
apparent, that it is not due to multiplication, but to the removal 
of the myeline, which previously hid the nuclei now visibla 
With these exceptions, the authors generally believe that the 
increase in numbers is real, and most believe that it is due to 
proliferation from the pre-existing nucleus of the intemodal 

1 Deuiseh, Archivf. Id. Med., 1878, Bd. 22, S. 33. 

« Ibid., 1880, Bd. 26, S. 459. 

» Deutsch. ZeiUch.f. Chirurgie, Bd. 16, 1882, S. 31. 

* Virchow-Hirseh, Jahreshericht, 1883, Bd. 1, S. 286. 

* Handbuch d. spec. Path, u, Therap. v. Ziemsetn. Leipzig, Bd. l2, 
S. 373. 

« Virchow'a Archiv, Bd. 19, 1860, S. 362. 

' Joum. de VAnat. et de la Physiol. , 1868, p. 306< 

^ If^urits of Nerves. London, 1872. 
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segment. There is, however, difference of opinion on the import 
of this proliferation. Eichhorst gives as his opinion that the 
nuclei have nothing to do with regeneration, without giving an 
opinion on their destination. Banvier and others think that the 
multiplication of the nuclei and protoplasm is the active agent in 
bringing about the destruction of the medullarv sheath and 
axis-cylinder bv compression; Stroebe, that they act in part as 
phagocytes to the myeline and axis-cylinder. Howell and Huber, 
Stroebe, and Notthaff^ think that they take a subsidiary part in 
regeneration, while Hertz, Benecke, Bertolet, Aufrecht, Leegaard, 
Bowlby,^ and Bungner take them as of the first importance in the 
regenerative process. 

Friedlander and Krause,^ in 1886, recorded their dissent to the 
generally accepted view that the central segment, with the exception 
of a very small portion at the cut surface, remains normal after 
section of a nerve. While admitting the degeneration of the 
peripheral segment, they hold that the central segment does not 
remain free from change. They made their observations in the 
nerves of the stump after amputation, and found that the 
transverse sections of such nerves do not present a normal aspect, 
but show a special form of degeneration, which they prefer to call 
atrophy. They found that about one-half of the nerve fibres are 
without myeline, and present in transverse section a point in their 
centre, which may be the axis-cylinder, but which they think is 
doubtful. These atrophic fibres are only about one-third the 
diameter of normal fibres. They then found that the anterior 
roots were normal, while the posterior contained principally fibres 
of this atrophic character. They hold, then, that in the central 
segment after division, the sensory fibres undergo this form of 
degeneration, while the motor remain normal. But all the 
sensory fibres do not so atrophy, and they give the hypothesis 
that it is only those ending in the tactile corpuscles of Wagner 
and Meissner and in the end bulbs which atrophy, while the fibres 
with free endings remain normal. In estimating the value of 
their work, it is well to remember that, with the exception of one 
case, which was three months after the amputation, and in which 
the atrophy was not so distinct, all the nerves which they 

^ Injuries and Diseases of Nerves and their Surgical Treatment, London, 
1889. 

2 Fortschritte der Med,, Bd. 4, 1886, No. 23, S; 749. 
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examined were from stumps of long standing, namely, from three 
to ten years. 

Krause,^ in the following year, published further investigations 
on the same subject. He examined human nerves from limbs 
which had been amputated for gangrene. The gangrene he takes 
as equivalent to section of the nerve, and the portion of nerve above 
the gangrene as equivalent to the central segment. He found, 
then, that on examining such nerves three to four weeks after 
the onset of the gangrene, about one-half of the fibres were in a state 
of degeneration not to be distinguished from the degeneration of 
the peripheral segment after nerve section. Both the axis-cylinder 
and the medullary sheath were affected, and traces of myeline 
were left, and there was proliferation of the nuclei of the sheath 
of Schwann, and he found that it was a centripetal degeneration. 
He then examined the peripheral segment of divided nerves in 
the rabbit, and recognised the few sound fibres which many had 
seen before and regarded 2^ recurrent fibres, and in the central 
segment he recognised a corresponding number of degenerated 
fibres. From this, seeing that one-half of the fibres degenerate in 
the central segment of the human nerve, he concludes that a 
similar number remain sound in the human peripheral segment, 
but he has not been able to verify this point. He puts forward 
the hypothesis that those fibres which degenerate in the central 
segment, and which, by analogy, he conclude!^ remain normal in 
the peripheral segment, have their nutritive centres in the 
periphery, and these, he thinks, most likely situated in the touch 
corpuscles, which Wagner and Meissner showed to exist only in 
man and monkeys ; and from the absence of these touch corpuscles 
he seeks to explain why, in the rabbit and other animals, so few 
fibres degenerate in the central segment, and remain normal in 
the peripheral. He concludes that in the central segment 
degenerate, and in the peripheral remain intact, all those sensory 
fibres which are in connection with a trophic centre in the 
periphery ; and that in the central segment remain intact, and in 
the peripheral degenerate, all motor fibres^ and the sensory fibres 
of the bones, periosteum, joints, muscles, tendons, fasciae, and of 
the cutaneous nerves, those ending free in the skiui He explains 
on his theory how sensation may return after nerve section 
without return of motion, as this is catsed by a centripetal 

t m 
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growth of the peripheral segment, which forms attachments to 
other nerves. 

This view of degeneration I have been led to oppose^ from the 
examination of central and peripheral segments of nerves which 
have been divided or interrupted functionally by cicatricial bands. 
On examining transverse sections of such nerves, I found no 
evidence of degeneration in the central segment, nor of old 
undegenerated fibres in the peripheral segment. As the proportion 
of degenerated fibres in the central segment, and of sound fibres 
in the peripheral segment, as indicated by Krause, is considerable, 
there would have been no difficulty in recognising them had his 
view been correct. The fact that most of Krause's observations 
were made on nerves removed from limbs which had been 
amputated for diabetic or senile gangrene, may account for the 
appearances displayed in his sections, the degeneration being thus 
viewed as primary to the gangrene. 

The period at which the degenerative changes begin is of great 
importance in the consideration of the possibility of reunion by 
first intention. While the traumatic degeneration of the cut ends 
occurs within a few hours, the paralytic degeneration does not 
show until the lapse of a longer period of time. This period has 
been variously given by different authors, and this discrepancy is 
explained by Ranvier, who shows that it is different for different 
species of animals. Thus he found that taking the physiological 
test of loss of conductivity to electrical stimuli in the rabbit, 
guinea-pig, and rat, conductivity was lost in forty-eight hours from 
the time of section, while it was retained in the dog, pigeon, and 
frog j in seventy-two hours it was lost in the pigeon and retained 
in the dog and frog; in four days it was lost in the dog and 
retained in the frog, and that it was retained in the frog for 
thirty days or longer. Also, the age and state of the animal 
caused variations. But these data refer to the stage in degenera- 
tion at which function is destroyed, the actual onset of degeneration 
being much earlier. Thus in the rabbit, according to Ranvier, 
the changes are in progress by twenty-four hours. 

The authors who have published accounts of regeneration of 
nerves hold even more diverse opinions than are held concerning 
degeneration. The view which is held by the minority of original 
investigators, but which is the account most usually given in 

1 Phil Trans., Series B, vol. 188 (1897), p. 267. 
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text-books, since the investigations of Ranrier, is that regeneration 
of the peripheral segment is effected entirely from the end of the 
central segment. According to Ranvier, the peripheral segment 
still contains the sheaths of Schwann after degeneration and 
absorption of their normal contents. E^union occurs between 
the proximal and distal ends — at first, by means of granulation 
tissue. In the first days while degeneration is proceeding, the 
axis-cylinders of the central end swell up, and appear slightly 
bulbous, most of the axis-cylinders being retained in the region 
attacked by traumatic degeneration. These central axis-cylinders 
show longitudinal striation, which Kanvier takes as equivalent to 
the fibrils of Schultze, and from each old axis-cylinder sometimes 
one or two new axis-cylinders proceed, sometimes many, as if the 
old axis-cylinder had split into its primitive fibrils. These 
continue their growth as far as the old sheath of Schwann extends, 
that is, to the cut surface, and then pass into the cicatricial tissue. 
They pass across this, and some of the new axis-cylinders then 
pass into the interior of the old sheaths of Schwann of the 
peripheral segment, while others pass between them, and run in 
the endoneurial tissue. The new axis-cylinders continue to advance 
till they reach the end organs. Meanwhile the new axis- 
cylinder becomes clothed with its sheaths ; and the new sheath of 
Schwann is distinguished, at first, by the shortness of its intemodes. 
Often several new fibres are contained in one old sheath of 
Schwann, which is thereby greatly distended, and ultimately 
destroyed. At times the new fibre, after leaving the old axis- 
cylinder, divides, and the branches may again give off branches. 
Thus the peripheral segment acts merely as a guide to the develop- 
ing new fibres, playing an entirely passive part in the work of 
regeneration. Ranvier is, therefore, at one with "Waller, except 
that the former finds that the new fibres penetrate into the old 
sheaths of Schwann, as well as between them. Rindfleisch^ gives 
the same account, with the difference that the old sheath of 
Schwann is retained for the new fibre. Vanlair believes that the 
new fibres never penetrate into the old sheaths of Schwann ; and, 
moreover, he regards the peripheral segment as resisting the 
growth of the new fibres to the end organs, and even suggests the 
excision of the whole peripheral segment leaving the connective 
tissue sheath as a means of leaving the path clear for the passage 

* Lekrbitch der path, Oewebelehre, 4 Aufl., S. 20. Leipzig, 1875. 
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of the new fibres, and hastening the progress of regeneration.^ 
He finds that the new fibres at the time of their branching from 
the old are naked axis-cylinders ^ that they become clothed by a 
provisional sheath (gatne vitreu^e), derived from the neighbouring 
connective tissue ; that this becomes thinner as development pro- 
ceeds, and between it and the axis-cylinder the medullary sheath 
and the new sheath of Schwann appears, while the provisional 
sheath becomes the fibrillar sheath. He finds also that matura- 
tion of the fibre occurs centripetally. In a later investigation 
Yanlair ^. has sought to discover the rate at which the growth of 
the new fibres occurs, and found that for the facial nerve it was 
at the rate of 0*3 mm. daily, and for the vagus and sciatic that of 
1 mm. daily, both in the case of simple section with perfect co- 
aptation. Keeently Howell and Huber have decided in favour 
of this process of regeneration, but their observations have led 
them to accord the peripheral segment a greater share in the 
work of regeneration. They find that the protoplasm and the 
nuclei of the sheath of Schwann in that portion of the nerve 
form spindle-cells, which unite so as to form protoplasmic threads 
running within the old sheath of Schwann. These they term 
"embryonic fibres," and find that, while they have no axis- 
cylinder, they possess a low degree of irritability and conductivity. 
These are formed even when the peripheral has no connection 
with the central segment ; but they are not true nerve fibres. 
The latter are formed by axis-cylinders, which grow out from the 
axis-cylinders of the central segment, and insinuate themselves 
into the centres of the embryonic fibres. The latter develop the 
sheaths around the axis-cylinders. Stroebe also finds growth 
from the central segment as forming only the axis-cylinders, 
which penetrate either into the old sheaths of Schwann or between, 
and become clothed with new sheaths from the cellular elements 
of the peripheral segment ; and Kotthafit thinks that the new 
sheaths of Schwann are probably derived from the cells of the old. 
The advocates of the view that the peripheral segment has an 
independent regeneration of nerve fibres differ in their views re- 
garding the mode of origin of these fibres. Those who believe 
that the axis-cylinder is retained during degeneration point to 
that structure as the source of the new fibres. Thus Schiff, 



^ Ic.y p. 485. 
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Philipeaux and Yulpian, Hjelt, and Wolberg believe that regenera- 
tion in the peripheral segment is simply a reaccumulation of the 
myeline, and Layeran thinks that the myeline is secreted by the 
nuclei of the sheath of Schwann. Korybutt-Daszkiewicz regards 
the remains of the old axis-cylinder as the source of the new. 
Bemak, who observed as many as ten to fifteen small fibres 
enclosed in one old sheath of Schwann, regards them as having 
originated from the old axis-cylinder by longitudinal splitting. 

This, however, only refers to the peripheral segment, and these 
authors have to account for the formation of new nerve fibres in 
the cicatricial mass uniting the cut surfaces. Hjelt, Wolberg, 
and Hanken^ derive the new fibres here from the nucleated 
corpuscles of the perineurium. Laveran supposes that the inter- 
calary segment is bridged over by outgrowth of axis-cylinders 
from the central end, and these find their envelopes from organised 
leucocytes ; while Gluck finds that the tissue between the ends is 
a specific granulation tissue, capable of conducting impulses and 
forming spindle cells, which unite end to end to form young 
fibres, which bridge over the gap. 

Neumann and his pupils, Eichhorst and Dobbert, who describe 
degeneration as a chemical change in the contents of the fibre, 
find that regeneration is a reproduction of the chemical differen- 
tiation between the axis-cylinder and the medullary sheath, but 
in this reproduction more than one fibre may be produced in one 
old sheath of Schwann. A new sheath of Schwann is formed 
around each new fibre, and the old disappears or becomes part of 
the endoneurial tissue. Neumann holds that the new fibres thus 
formed bridge over the cicatricial interval by growth both from 
the central and peripheral ends, and Eichhorst, that this is e£fected 
only from the central end. 

Those who believe that the axis-cylinder is destroyed in de- 
generation hold different opinions on the mode of origin of the 
young fibres. Hertz thisks that in some cases they are formed 
from the white blood corpuscles, which become spindle-shaped, and 
unite by processes. Bruns ^ derives them from the corpuscles of 
the connective tissue of the nerve ; and Hochwart * from the con- 
nective tissue corpuscle, or from the nuclei of the old sheath of 



1 Schmidt's Jahrhiicher, Bd. 216, S. 129. 
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Schwann, which nuclei he regards as originally derived from the 
connective tissue corpuscle. But the nuclei of the sheath of 
Schwann have been taken bv the majority as the source of the 
regenerated fibre. At first, before the relationship between the 
nuclei and the protoplasm of the sheath was understood, the 
nuclei themselves were taken as the source, but more recently the 
principal rdle has been given to the protoplasm. 

Hertz finds that the new fibres are sometimes formed from 
these nuclei, which are surrounded with protoplasm. They 
become spindles, unite end to end, and form fibres. The outer 
part diflferentiates a medullary sheath and sheath of Schwann, 
while the central part remains as the axis-cylinder ; and during 
the process many of the nuclei disappear, and the remainder 
become the nuclei of the new sheath of Schwann. Benecke gives 
a similar account, and attributes to the nuclei the secretion of the 
medullary sheath, which appears around them while many of the 
nuclei disappear. Bertolet, Aufrecht, Leegaard, and, recently, 
Biingner have all advocated the same view, the .latter having de- 
scribed the process in detail after an extended series of researches. 
Thus he traced the development of the young fibres lying within 
the old sheath of Schwann from fusions of spindles derived in 
this way. The young fibre shows longitudinal striation, the be- 
ginning of the axis-cylinder. The new medullary sheath is 
formed from the outer layer of the young fibre, and also partly 
by absorption of the remains of the old myeline. The old sheath 
of Schwann disappears, and he regards the new as derived from 
the endoneurial connective tissue. The nuclei of the new sheath 
of Schwann are the direct descendants of the nuclei of the old 
sheath of Schwann, and have clearly the value of neuroblasts. 
The cicatricial tract is bridged over by the extension of these 
neuroblasts into it. 

Thus the different views on the process of regeneration may be 
grouped under two heads : — 

1st. The new fibres of the peripheral segment are produced 
exclusively from the central end by centrifugal 
growth. 

2nd. The new fibres originate in the peripheral segment, and 
become connected to those of the central end. 

According to the first view, the process of regeneration requires 

for its accomplishment the lapse of a more or less long period of 
7oL. XXIX. p 



228 Philosophical Society of Glasgow. 

between the operation and the return of sensation is such that the 
return of function must be regarded as the result of the reunion 
of the nerve. In these cases sensation remained absent until the 
operation of suture was performed, and it cannot be supposed 
that the supplementary nerve supply made its appearance by 
coincidence at the time of secondary suture. Indeed Yanlair 
regards such cases as inexplicable by the theory of regeneration 
which he supports. 

It is just such cases, which are now sufficiently numerous, 
which, taken together, form a strong objection to the view of 
Ranvier. In the cases which I have published^, the nerves were 
severed in the forearm from a few weeks to eighteen months 
before the cases came under observation. They then presented 
complete loss of voluntary motion and of sensation, and marked 
atrophic changes in the distribution of the divided nerves, and 
yet, after reunion of the nerves by suture, sensation com- 
menced to return at the end of from two to five days, and in a 
very short time localisation was perfect. The return of voluntary 
motion took much longer, and, indeed, in some cases, was only 
very imperfectly restored, and the opinion is expressed that this 
delay in recovery of muscular power is due to the atrophic changes 
which occur so rapidly in muscle after severance of the nerve 
which supplies it. The recovery of the muscle only begins when 
conductivity of the nerve is restored, and, with the muscles so far 
advanced in atrophy, it is not surprising that restitution should 
be a slow process. And, of course, if the nerve has been severed 
long enough to allow of complete degeneration of the muscle, then 
the return of voluntary motion by recovery of the affected muscles 
is impossible. To view the restoration of sensation in so short a 
period of time as from two to five days, as being due to a down- 
growth of axis-cylinders, as described by Ranvier, would req[uire 
an altogether unnatural view of rapidity of growth to be adopted, 
and thus, merely on the clinical ground of early return of 
sensation, there is a strong objection to his view of regenerationt 

But the microscopical appearances of portions of the central and 
peripheral segments still further oppose the view of Ranvier, and, 
at the same time, give an explanation of the early restoration 
of conductivity; for in the distal segment there are present 
abundant young nerve fibres. It has been shown that this was 

^l.C. 
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first described by Philipeaux and Vulpian, and that Ranvier 
explained their observations by supposing that these authors had 
failed to observe strands of tissue connecting the two ends, and 
that it was through these that the young fibres had been com- 
municated to the peripheral segment. In my cases, therefore, 
a careful search was made for such means of transit, and no 
communication of fibres between the two ends was found. 

These young nerve fibres originate within the old sheaths of 
Schwann, and in the portions of the old nerve they are seen, to 
the number of four to eight, lying within the sheath. But at the 
cut ends of the nerve, where they are lying in newly-formed 
connective tissue, they are present in bundles containing as many 
as twenty or thirty, and without any definite sheath. In the 
central end of the nerve, examined by longitudinal sections, the 
old fibre is seen terminating abruptly, and the continuation of the 
old sheath of Schwann is occupied by a bundle of young nerve 
fibres, and it is evident that these might be taken for branches 
from the end of the old axis-cylinder. But transverse sections 
near the termination of the old fibres exhibit appearances which 
account for the origin of the young fibres in a different way. In 
these the young fibres are shown lying between the sheath of 
Schwann and the medullary sheath in the position of the proto- 
plasm. They are not formed from the nuclei, as these are still 
visible, and it is clear that the formation of spindle-cells from the 
protoplasm of the sheath, as described by Bungner, will explain 
the appearances presented in such sections. 

On these grounds, the view which I hold is that the young 
nerve fibres are produced by the fusion, end to end, of spindle-cells 
produced by proliferation of the cellular elements of the sheath of 
Schwann, that the axis-cylinder is a specialised strand of proto- 
plasm, while the nuclei of the cells remain attached to the sides 
of the young fibres, and remain as the nuclei of the intemodes. 

"With the formation of young nerve fibres in the peripheral 
segment in this way, while it is still separated from the central 
segment, the early return of sensation is explained, as it is only 
necessary that, on suture, union should occur between the ends 
of the young fibres of the two segments of the nerve to allow of 
the re-establishment of conductivity. 
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IX. — Fa/radimeter, for measuring Alternating Currents for 
Therapeutic Use, designed by Samuel Sloan, M.D., 



Glasgow. 



[Read before the Society, 9th February, 1898.] 



I THANK you for the opportunity you are affording me of showing 
my Faradimeter to the members of the Philosophical Society of 
Glasgow, which I am doing at the kind request of Professor 
M*Kendrick and by the permission of your Council. 

Since the introduction of the milli-amp^re galvanometer into 
electro-therapeutic practice, electricity has been much more em- 
ployed as a therapeutic agent and has given much more satisfactory 
results. But this instrument is quite useless as a means of 
indicating even the presence of alternating currents, such as the 
faradic and the sinusoidal Without the means, however, of 
measuring these currents, or the assurance that the patient, in 
mild applications of them, is really receiving any current at all, 
progress in their use must be slow 3 and their employment must 
continue to be more or less empirical, depending largely on the 
sensations of the patient and the enthusiasm or impatience of the 
medical man for their acceptance or rejection, as therapeutic 
agents. 

It was impressed upon me a year or two ago, after having been 
working for some years, so far in the dark, with these currents, 
that any reliable instrument for indicating the presence of currents 
as small as electro-therapeutists use, and, if possible, for reaching 
some measure of accuracy in registering the amount of current 
used, would add greatly to the employment of these currents, and 
render their mode of action better understood. Having seen no 
reference to such an instrument in any work on electro-therapeutics, 
and being unable, after enquiries, to obtain anything at all 
approaching what I desired — the ordinary electro-dynamometer, 
as Siemens', not being constructed for such a purpose — I set myself 
to design one. 

I am pleased to say that, after many failures and disappoint- 
ments, I have at last succeeded in devising an instrument which 
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has completely met the object I had in view, and has acted as a 
stimulus to me in the use of these currents; and I have now the 
pleasure of submitting a description of my faradimeter to you 
for your consideration and criticism. 

What impressed me, perhaps, as the principal reason for the 
employment of such an instrument was my experience of the use 
of small currents, especially in the case of nervous patients, where 
I had to trust entirely to the sensations of the patients, especially 
after the first few minutes of the application, when the current 
becomes less felt. Here the constant mental strain induced in the 
patient by my repeated questionings as to whether there was any 
current at all felt, to a great extent deprived the treatment of 
much, if not of the whole, of its value, and frequently made me 
feel very foolish when, on proceeding to disconnect the wires, I 
discovered that they were already disconnected ; and, so far as I 
or my patient knew, had been so for a considerable part of the 
seance — so uncertain is the patient frequently as to whether the 
current is on or off. My faradimeter then, to serve the purpose 
I had in view, must be able to indicate a current so fine that it 
might be passed through any part of the body of the patient 
without being felt. This can, of course, be done in the case of 
the galvanic current by means of the ordinary clinical galvano- 
meter. But this instrument is, as I have said, quite useless 
when employed with any alternating current; for the needle 
either remains at zero whilst the current is passing through 
the galvanometer, or else the needle diverges to one or other 
side according to the direction of the initial current ; remaining 
there though the current in each direction may be of the same 
force. Early in my work I found that currents as high as the 
patient could bear internally (10 to 20 milli-amp^res) would show 
some deflection of the needle in my rude instrument ; but I dis- 
covered later on that a great deal of patient work was before me 
if I wished the instrument to be so sensitive as I have indicated 
it was my object to make it. I accordingly set myself again to 
find if such an instrument could be obtained ready to my hand. 
I applied to all the principal instrument makers in Scotland and 
England, and also communicated with continental makers; but I 
found that, with two exceptions, I could get no help. In one of 
these cases I was promised by-and-bye an instrument capable of 
measuring very small intensities, but as it was to be on the prin- 
ciple of Lord Kelvin's electrostatic voltmeter, it could not serve 
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my purpose, since no current would be passing through it when in 
action. In the other case I was offered what seemed exactly the 
instrument I desired ; but, as it was apparently only in an em- 
bryonic state like my own, I determined to design one for myself. 

Other workers in this field besides myself have realised the 
need for such an instrument. From communications I have had 
with some of them I find that they consider the attempt impractic- 
able, though they admit that an instrument capable of measuring 
the faradic current would be "most useful and much appreciated." 
Some of the appliances which have been recommended for this 
purpose are of use only for determining what current ought to be 
passing through the patient as compared with what ought to be 
present under certain altered circumstances. Thus a current of 
definite value may be proved to be present in the patient when, 
owing to some accidental break in the connections, no current is 
present at all, the proof .of the presence of the current being still 
the sensations of the patient. In Bigelow's "International 
System of Electro-therapeutics," page a-122, published in 1894, I 
find the following with reference to this subject : — "A faradimeter 
was recently promised by an able and enthusiastic American 
author whose efforts have so far, it would seem, not been successful." 

The principle of action of the instrument which I am venturing 
to call a faradimeter is the rotation of a coil, when suspended 
between the ends of two fixed coils, by electro-magnetic attraction 
and repulsion. These coils are arranged in series. I was at first 
told by electricians that my principle was bad, the currents I was 
dealing with being too small. I was afterwards told by others 
that the instrument I was aiming at had been already made and 
could be obtained from Messrs. Elliott Brothers, of London. To 
this firm I twice applied for such an instrument only to be told, 
in answer to my first communication, that they could not supply 
me with it; and, in response to my second application, that no 
such instrument was at present in the market. 

There are four coils in all in this instrument, three in front and 
one compound one bjehind for the shunts, the last wound non-induc- 
tively. Of the three coils, two are large and are fixed, whilst the 
third, which is small, is suspended between the extremities of the 
fixed coils as I have mentioned. Of course, the ends of the coils 
between which the suspended coil lies are always opposed to each 
other in action, one attracting what the other repels, no matter 
what the direction of the current. An aluminium needle is 
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attached to the suspended coil so that the amount of rotation can 
be read off on the scale in front. 

The fixed coils contain each between 3,000 and 4,000 turns 
of No. 32 wire. The suspended coil is relatively small and 
light. It is wound with about 1,700 turns of No. 46 wire. 
It is spindle-shaped, being one inch long, half an inch in diameter 
at the ends, and nearly three-quarters of an inch in diameter in 
the middle. The space in which it has to rotate between the 
fixed coils is three-quarters of an inch. This coil, with connecting 
rod and small bar magnet — the use of which I shall afterwards 
explain — needle, dipping wire, and rod, to balance the needle 
posteriorly and carry off the current, weighs about 180 grains. It 
is suspended by a very fine ribbon of phosphor bronze, about 10 
inches in length, from the junction of two large brass uprights, 
where, by means of milled-head screws, it can be turned, raised, 
or lowered, as may be required. This metallic thread carries the 
current to the suspended coil. A similar metallic thread, but left 
perfectly loose, conveys the current from the coil by means of the 
posterior arm to the junction of two smaller brass uprights, and 
thence to the other terminal. The ends of this ribbon are held 
tight by means of screws. I have tried many measures for carrying 
off the current from the suspended coil, but they were all more or 
less faulty. This arrangement, however, has given me perfect 
satisfaction. The current thus passes from one terminal through 
the first fixed coil, then through the other, from it to the large 
brass upright, thence by means of the bronze ribbon to the small 
coil, and from it by the arrangement I have described to the other 
terminal. The first means I tried was the usual mercury cup, but 
the suspended weight was too light to bring the dipping wire back 
to the same point in the mercury, if it became displaced by the 
indicating needle being driven with force against the restraining 
pins, as by a strong current suddenly put on. Thus, the needle 
was prevented, in such circumstances, from coming back exactly 
to zero, unless after considerable tapping of the brass upright, 
which necessitated previous removal of the glass cover which is 
necessary to protect the instrument from currents of air. The 
dipping wire is still there, but it now dips into a cup of oil which 
prevents swaying of the coil and consequent unsteadiness of the 
needle. A fine wire also passes from the needle, about its middle, 
into a trough of superfine watch oil, which the fine point of the 
rigid wire is just permitted to touch. This prevents oscillation 
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of the needle when the current is broken and enables it to come 
back to zero in a few seconds. The instrument is held down 
by two strong clamps for steadiness when working the current 
reverser. 

The faradimeter is now very reliable, very sensitive, and, as I 
have indicated, almost dead beat. The current reverser I have 
referred to alters the direction of the currents in the suspended 
coil, so that there may be readings on either side of the zero line 
— the left side of the scale being for lower readings, and the 
right side for higher currents. There are three shunts, so as to 
increase the range of the instrument. 

The rotating coil has a resistance of about 355 ohms, and the 
two fixed coils have between them about 135 ohms resistance. 
The shunts, when in use, permitting only a fraction of the current 
to pass, the rest of the current goes by a more easy path, and thus 
comparatively low voltage currents may pass in sufficient quantity. 
Obviously the removal of so much resistance from the circuit 
owing to this double circuit in the instrument, when one of the 
shunts is closed, sometimes considerably increases the amount of 
current which the patient is receiving. The external resistance 
has, therefore, sometimes to be increased before closing the shunt. 

I have mentioned that there is little torsion power in the 
suspending metallic ribbon. The controlling power which the 
suspended coil has to overcome, when under the influence of the 
current, is, however, obtained by means of two permanent magnets 
flxed on to the large brass uprights. These act on a small bar 
permanent magnet flxed at the upper end of the rod which con- 
nects the ribbon with the suspended coil, and which is also flrmly 
flxed to the latter. The closer these magnets are — for they are 
movable — to the cross bar magnet the greater will be the certainty 
of bringing the needle back to zero ; whilst the further apart they 
are, or the more they are raised above the level of the cross bar 
magnet, the smaller a current will the coil respond to. I have 
preferred to have them close enough and low enough to ensure an 
exact and ready return of the needle point to the zero line, though 
this renders the instrument unable to detect currents as small as 
it could if less accuracy were desired. I have been trying of late 
to dispense with the permanent magnets, but, so far, the results 
are not quite so satisfactory as with the permanent magnets. 
With the exception of these, there is no iron or steel in the 
construction of the instrument. As a convenience I have had 
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passed through an air-tight opening in the top of the glass cover 
a brass rod to set the needle at zero, if the magnets have not done 
so exactly, as, owing to currents of air, its relation to zero is not 
easy to ascertain when the glass cover is off. 

This faradimeter is meant to be stationary ; but, beyond being 
bulky, it can easily be carried about by simply tilting it to one 
side so as to enable the rotating coil to rest against either of the 
fixed bobbins during transit. When placed in its new position, 
the levelling of the instrument and the fixing of the wires to the 
terminals need occupy only a minute or two. The range of the 
registered readings is from 1 mill. amp. to 40 mill amp. How- 
ever, a movement of the needle can be detected with currents 
much smaller than 1 mill. amp. without tapping the instrument 
in the slightest degree. I find from experience that a minimum of 
^th of a mill. amp. and a maximum of about 20 mill. amp. — 
higher if alternating sinusoidal — include all that can be required 
for medical purposes. The former is less than the head can 
detect the presence of, and the latter is the highest which 
certain cavities of the body can tolerate — the minimum felt 
by the patient being generally about half of the maximum 
borne. Even this maximum can be tolerated only when currents 
of great intensity are passed, as from my largest coil, which con- 
tains about 8,000 turns of fine wire. The fewer the turns of 
wire are on the secondary coil the smaller is the maximum borne. 
The current of intensity is, therefore, the current of quantity also, 
and the slower the vibrations the less is the amount of current 
which the patient can bear. If it is desired to measure smaller 
currents than ^th of a mill, amp., this should be done by increasing 
the windings of the fixed bobbins. The suspended one is probably 
as heavy as it should be. 

I come now to the question of calibration. . At first I graduated 
the scale by means of a galvanometer, using the constant current 
from a battery; reckoning that this was the nearest I could get 
to accuracy; since on using the commutator of my sinusoidal 
apparatus for converting the alternating into the galvanic — both 
being from the same coil — I found little difference in the position 
of the needle on the scale. Usually the galvanic was slightly 
greater than the alternating, but this was not invariably so. I 
found, however, to my surprise, when using the sinusoidal galvanic 
current, passing it through the galvanometer, instead of the 
battery current, to calibrate with, that one mill. amp. on the 



236 FhUoaophiccU Society of Glasgow, 

galvanometer became nearly what had previously been marked 
as two mill. amp. on my scale. Two mill. amp. became nearly 
four, and so on — always nearly double. 1 could only conclude that, 
whilst the galvanometric measurement was the average of this 
wavy current, my faradimeter gave me the distance of the tops of 
the waves from the zero line, thus : 
Faradimetrio measurement. 




Galvanometric measurement. 

Zero line. 

Obviously, since the alternating sinusoidal gave practically the 
same amount of deflection at the same speed, and with the same 
resistance, the same reason holds good for the alternating as for 
the galvanic sinusoidal — namely, that the deflection of the needle 
was twice as much as the average of the current would have led 
one to expect. I have accordingly calibrated my instrument as 
if for the sinusoidal galvanic current; but lest the permanent 
magnets should alter their position or lose some of their magnetism 
in time, I have indicated by a dot on the scale the position the 
needle should occupy for Ave mill. amp. from a battery as read off 
in the galvanometer. The scale may thus be checked when 
desired by means of an ordinary mill. amp. galvanometer and a few 
L^clanche cells, and the scale again made true by altering the 
position of the magnets. Two dots are really required, since the 
needle will occupy diflerent positions according to the direction of 

4 

the current; for, being a constant current, the needle will diverge 
more or less according as the current diminishes or intensifies the 
power of the magnets, these being slightly in the magnetic fleld 
whilst the current is passing. This, of course, does not hold when 
the faradic current is passing. 

It may be said that no accuracy can be expected when measur- 
ing the faradic current, the character of the curves varying so 
much by any slight change in the action of the rheotome. This 
is true, however, in a small degree only, and is not sufficient to 
diminish the value of the measurements for therapeutic purposes; 
for, if the reading does not give the actual measurement, it does give 
the virtual amount, and the record is relatively, if not absolutely, 
correct But it may be asked — " What do you mean by one mill, 
amp. of the faradic current?*' I answer — It is the electbo- 
HAGNSTic equivalent of an amount of sinusoidal alternating 
CURRENT the galvanometric measurement of whose sinusoidal 
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« 

GALVANIC EQUIVALENT is One mill, amp. The measurement of the 
faradic current may be impracticable; it may even be unscientific 
to speak of this current in terms of the milli-amp^re ; but the 
result of this attempt to measure it is to the electro-therapeutist 
of practical value j nay, more, I am safe in saying that, with the 
same kind of coil, the same rapidity of vibrations of the rheotome, 
and the same amount of deflection of the needle, the therapeutic 
effect will always be the same. I am not aware of any instrument 
which can do as much. It is a reliable means of registering the 
presence of the current in the patient; and, other things being 
equal, it is an absolute register of the amount of current passing 
through the patient. 

The instrument must be carefully levelled by means of the 
levelling screws when it is set up; and currents of cold air around 
it should, if possible, be avoided, even with the glass cover on, to 
prevent internal currents, which would slightly displace the needle, 
temporarily, from the zero line. 

I have not yet had sufficient time to experiment much with 
this faradimeter, but it has opened up to me a field of enquiry 
which is very fascinating, and it has greatly increased my con- 
fidence in the therapeutic value of the faradic current and the 
alternating sinusoidal. 



[The instrument has been made from my instructions by Messrs. 
Baird & Tatlock, of Glasgow and London.] 
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X. — iTote on a new Instrument (Oliver^s)for the Estimation of 
the Colownng-matter of Blood. By David Fbassr Habris 
M.D., CM., B.Sc. (Lond.), F.KS.R, Muirhead Demonstrator 
of Physiology in the University of Glasgow. 



[Read before the Society, 9th March, 1898.] 



The first notice of this instrument was in the Journal of 
Physiology, 14th March, 1896 (Vol. XIX.), and thereafter in the 
Lancet, 20th June, 1896, where a full description of it appeared 
as a report of Dr. Oliver's " Croonian Lecture *' that summer. 

The principle employed — the only one practically applicable 
clinically — for estimating the percentage of oxyhsemoglobin is 
colorimetric ; in other words, that of matching the exact tint of a 
known quantity of diluted blood by the tint of some one of a set 
of " standard " coloured glasses. [Malassez*, Von Fleisehl's, and 
Gower's instruments are also colorimetric] 

Oliver has designed a series of standard tints in glass (so stained 
that the pigmentary material is perfectly non-fugitive) which 
represent accurately, colorimetrically, the progressive dilution of 
human blood. 

The actual tint of the diluted blood was, for each degree of the 
scale chosen, matched colorimetrically by skilled workers in 
Lovibond's colour-matching laboratories at Salisbury, by means of 
their coloured-glass standards. 

The precise tint of standard glass for each of the dilutions of 
blood chosen was then rendered permanent by superposing two 
coloured glasses (orange and red), cemented on their edges, and 
covered by a colourless dust-proof glass screen. 

These permanent tints were ^' standardised " by estimating 
chemically the percentage of haemoglobin present in each of the 
specimens of diluted blood which they respectively matched. 

The scale reads 10, 20, 30, &c., up to 120, these being per cents 
of the normal quantity of haemoglobin present in human blood, 
which Oliver takes to be 15*5 per cent, of blood by weight. 
There are tinted glasses for reading to percentages between the 
fixed tints of the scale. 

The specimen of blood drawn (5 cmm.) is mixed with water in a 
mixing cell of such capacity that when full it holds about 495 
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cmm. of added water — enough to ensure the complete liberation of 
all the pigment from the red blood-corpuscles. 

Thus, if normal blood is being dealt with, its tint would be 
matched by the standard disc marked 100, which corresponds to 
15*5 per cent, of haemoglobin, . •, 1 scale-degree is = 'IS 5 per cent, 
of HbOg. (Suppose that you match a given specimen of blood by 
the disc marked 70, that blood has -^^ of 15*5 per cent, or 10*85 
per cent, of HbOg.) 

Special Features of the HiBMOGLOsiNOMETER. 

1. The illuminating light is reflected (or doubly transmitted) 

from the bottom of a dead-white shallow cell which holds 
the blood. This is porcelain of the whiteness of com- 
pressed powdered calcic sulphate. Thus there is flxed 
even a standard of whiteness of background. The 
variable nature of th^ background is a great objection in 
Gower's instrument, while Malassez' has ground glass 
which is not white. 

2. The pipette fills itself very rapidly by capillarity, and thus 

no measuring needs to be done. The diluting water is 
not actually measured either, it is rapidly squeezed out 
of the washing-out pipette until the mixing cell is so full 
that the liquid has a marked convexity, then^ on the 
cover being lowered, the slight excess will overflow into 
the little ditch which surrounds the cell, and the cell 
itself will be quite full. 

3. The receiving pipette is very stout, and can be cleaned out 

by a needle and thread ; the washing-out pipette has an 
india-rubber nozzle, which fits easily over the end of the 
former, and thus the blood is able to be rapidly washed 
out before it can coagulate. 

4. There is a standard illuminant (a " Christmas " candle), and 

the discs are viewed in the dark, below two holes bored 
in the bottom of long blackened tube otherwise closed. 

The advantage of the dark is that all pigments show most 
satisfactorily when brilliantly lighted without shadows or cross 
lights, and that is obtained best in the dark. Further, a standard 
degree of illumination is necessary for two reasons — 

1. The particular tint of a pigment is liable to differ, according 
to the intensity of the incident illumination, e,g, a red 
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card will appear a dull red in a dim or feeble light, but a 
bright red in a strong light. This very familiar fact 
comes to be of considerable importance when one assigns 
values to shades of difference in the depth of colour 
matched. 

2. But, further, the particular tint or " purity " of a pigment 
varies even more according to the character (whether 
pure white or coloured) of the illuminating light. 

Thus a " yellow " ribbon is not yellow in the red light of the 
spectrum, and a colour which is of one tint in daylight may 
become of another in gaslight, owing to the change in the precise 
chromatic constitution of the latter illuminant. 

Since, then, the colour of solutions of oxyhsemoglobin will vary 
in intensity and purity, according to the intensity and purity of 
the illuminating light, we must, for qv^antitative colorimetric 
purposes, have a light of some definite (unavoidably conventional, 
arbitrary) standard; in other words, a source always giving out 
light of the same strength and of the same chromatic composition. 

Hence it is a matter of some moment whether the blood be 
matched in daylight or candlelight, for (1) they vary in intensity — 
candlelight according to the size of candle used, daylight from 
hour to hour during the daytime, even in clear weather, and in 
towns is often so feeble as to be useless; and (2) they do not 
possess the same amounts of the same chromatic constituents, 
candlelight being much " redder." 

The "specific colour curve" for blood in daylight therefore 
differs much from that in candlelight. 

The specific colour curve for oxyhsemoglobin is the plotting-out 
(along ordinates) of the various unit amounts of depth of tint of 
three different colours (glasses) [red, yellow, blue], the resultant 
colour of which, when the three glasses are looked at superposed, 
matches the tint of the blood at the various increasing degrees of 
the concentration of its HbOg as marked along the abscissa. 

It is curious that no "yellow " needs to be used to match blood 
in candlelight, probably because blood quenches the yellow rays of 
candlelight. 

(In Von Fleischl's and Malassez* instruments, which have 
wedges of coloured glass, you must match a uniformly tinted area 
(blood) by one made up of increments of slightly altering depth of 
tint as you look from one end of it to the otl\er.) 
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XI. — The Present State of Deaf Mute Education. By W. H. 
Addison, Glasgow Institution for the Deaf and Dumb. 



[Read before the Society, 20th April, 1898.] 



A LITTLE over a hundred years ago, in the year 1792, the first 
public school for the education of the deaf and dumb, (unfortu- 
nately miscalled an asylum) was opened in Britain. At that time 
little attention was paid to the education of the common people, 
and the education of a deaf person was considered little short of a 
miracle. This school, still named the London Asylum for the 
Deaf and Dumb, was the only one in existence at the beginning 
of the century, though it was soon followed by the establishment, 
in 1810, at Edinburgh, of the Edinburgh Institution for the Deaf 
and Dumb. The close of the century witnesses a very different 
state of things. By Act of Parliament it has been made com- 
pulsory that every deaf child in Great Britain, between the ages 
of seven and sixteen, shall attend a special school, and provision 
is made both for education and maintenance out of the rates, or 
by a special grant awarded after examination by a Government 
Inspector. 

The nineteenth century should, therefore, be looked upon by 
the deaf and dumb, of this country at least, as the era of their 
emancipation from the bondage of ignorance, and their admittance 
into the Canaan of light and knowledge. 

To quote the words of one of the most facile writers who have 
given their talents to the furtherance of the cause of the deaf 
mute : — 

" It is to this nineteenth century of the Christian era that is 
due the whole of what has been achieved for and attained by the 
deaf as a class. At the beginning of this century they had no 
intellectual status, one may almost say no intellectual existence; 
only a small school here, an infantine institution there, and the 
remainder of the class immured in their homes for safety, or 

Vol. XXIX. q 
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rambling about the streets or lanes at the mercy of every 
accident. 

" Now behold the difference, and note the growth which that 
difference evidences. In this last decade of the century schools 
are to be found in every part of the United Kingdom, in every 
country in Christian Europe, in the vast and spreading territories 
of the United States, in our own most distant colonies and foreign 
possessions; and, to quote last, you (i.e., the teachers) are working 
here at home, under Government sanction, directed by Imperial 
legislation, and no longer under the fitful, though in its results 
most noble, action of private bounty and public benevolence." * 

To place before the members of the Philosophical Society a 
brief summary of what has been and is being done at the present 
time, and to give some indication as to the lines on which further 
progress may be expected, is the object of this paper. Unfortu- 
nately we have at present no official bureau which makes it a 
business to collect regularly the facts regarding the deaf, and 
anyone who wishes statistical information regarding them has to 
collect it for himself and at his own expense. Matters have im- 
proved somewhat lately, as the Government now issue (annually) 
a small Blue Book dealing with the schools under inspection in 
England, but the subject in Scotland receives only a casual notice 
in the General Blue Book, and Ireland is left out in the cold 
altogether. It has been proposed lately by the editor of the 
Silent Messenger to publish an annual tabular statement, giving 
full particulars about the pupils attending the different schools 
of the kingdom, somewhat after the manner which the American 
Annals of the Deaf has pursued for many years. The writer is 
of opinion, however, that something more official should be 
attempted, and that the work should be done under the auspices 
of the National Association of Teachers of the Deaf, or of the 
Government itself. It is of the utmost importance to a scientific 
study of the subject that accurate statistics and records of careful 
observation should be available from time to time. 

In order to collect matter for this paper, a reply post card was 
sent to as many schools as possible, soliciting information on 
certain points which the writer, who had previously done some 
work in the same field, thought useful, and the returns have been 
collated, with the following results : — 

* Pr. Buxton, Conference Proceedings, 1895, p. 7, 
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The number of schools and institutions from which returns 
have been obtained are — 

England, 36 

"Wales, 4 

Scotland, 11 

Ireland, 4 

In November, 1895, when a similar enquiry was made, the' 
figures were — 

England and Wales, - - 31 

Scotland, 10 

Ireland, 4 

so that we have an increase of 9 schools in England and Wales, 
one in Scotland, and none in Ireland. 

Of these schools — 

In England, 16 are boarding institutions and 20 day schools. 
In Scotland, 6 ,, „ „ „ 5 „ „ 

In Ireland, 4 „ „ „ „ „ „ 

In Wales, 1 is a boarding institution and 3 day schools. 

It is to be noted, however, that some of the boarding institutions 
have a considerable number of day scholars. 

The number of pupils attending school is as follows — 

Boys. Girls. Total. 

England, - - - 1,635 1,233 2,868 

Wales, ... 48 57 105 

Scotland, - - - 284 265 549 

Ireland, - - - 259 247 506 



Total for United Kingdom, 2,226 1,802 4,028 



To this total must be added at least 50 who are being educated 
in private schools or at home. 

In November, 1895, the totals were — 

Boys. Girls. Total. 

England and Wales, - 1,510 1,120 2,630 

Scotland, - - - 285 239 524 

Ireland, - - - 283 264 547 



Totals, - - 2,078 1,623 3,701 
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Hence in a little over two years we have a difference in the 
number of pupils attending school of — 

Boys. Girls. Totals. 

England and Wales, +173 + 170 + 343 + 13 7^ 

Scotland, . . _ 1 + 1 

Ireland, - - - 24 - 17 - 41 - 7 



99 

9J 



Comparing these figures with those which were obtained in 1885, 
we find that the number of deat pupils attending school has in* 
creased since that time in England and Wales by 47 per cent., and 
in Scotland by 27 per cent., whereas in Ireland the number has 
decreased 9 per cent. 

With reference to the question of boarding institutions versus 
day schools, we get the following figures : — 





Day Scholars. 


Boarders. 


England, 


- 997 


1,871 


Wales, 


53 


52 


Scotland, 


109 


440 


Ireland, 


5 


501 




1,164 


2,864 



The day classes have multiplied rapidly in England since the 
Compulsory Act, which compelled School Boards to providQ 
education, came into force. 

The reason for this is to be found in the faot that (1) it is 
cheaper to educate a small class of eight or ten in a room in a, 
public school rather than pay the higher fee which maintenance 
in an institution entails ; and (2) that there is a natural feeling 
amongst parents in preference of keeping their children near them 
at home. Whether it is better in the long run to educate the 
children thus is a moot point, which can only be determined by 
careful observation and study of the results achieved by the two 
classes of schools. 

This can only be done by some impartial authority, such as the 
Education Department, if that body can be induced to act as 
arbiter in SUQh a thorny question, 
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Teachers. 

The number of teachers employed is as follows : — 

Men. Women. Deaf. Total, 
England, - . . 

Wales, - - .- 
Scotland, - . - 

Ireland, - - - - 



90 


191 


7 


281 


3 


7 


2 


10 


20 


31 


5 


51 


21 


26 


12 


47 



134 255 26 389 



This gives to each teacher a class of — 



In England, 


- 10 '2 pupils, ^ 


in Wales, - 


- 10-5 „ 


In Scotland, 


- 10-6 „ 


In Ireland, - 


- 10-7 „ J 



Average, 10*5 pupils. 



This is fairly satisfactory so far as quantity is concerned. 
Whether the quality is right is a question which can hardly be 
decided here. It is noticeable, however, that the women teachers 
largely outnumber the men, and the disproportion seems to be 
growing larger from year to year. This tendency is not confined 
to this country alone, for the same subject is agitating the minds 
of our brethren in America. Thus, from an American paper just 
to hand, we cull the following : — " Time was when all teachers were 
men. Conditions gradually changed, until now a majority of 
instructors of the young, at. least in our country, are ladies. The 
excellence of a teacher depends rather upon the character than 
the sex. Still we believe that our youth can be best fitted for 
their duties in life if their education is not received wholly from 
one sex or the other." With which opinion we cordially agree. 

The next point to be noticed in our statistics is the proportion 
of boys to girls. This we find to be as follows : — 

Boys. Girls. 

England, - - - 100 75-4 

Wales, - - - 100 118-7 

Scotland, - - - 100 93-3 
Ireland, - - - 100 95-3 100 83*3 

Average, - - 100 95-6 
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It has been said* that the proportion of males to females (deaf 
and dumb) is about six males to five females. The ratio of males 
is greatest in early life, but the females possess greater 'tenacity 
of life, and at 65 years of age they show equality as regards 
numbers. 

The figures now obtained of the sexes of the children actually 
attending school do not altogether corroborate this view, and 
seem to point to some error in the census returns. 

It has long been suspected by experts that the census returns 
are not always reliable, as parents, and even enumerators, often 
make absurd mistakes in classifying children as "Deaf," '<Deaf 
and Dumb," &c» 

Method or Ststem. 

As is well known, much controversy has been excited over the 
question of the method by which deaf children should be educated. 
Unfortunately no nomenclature has been adopted which commands 
universal assent. An attempt has here been made to get a rough 
classification of the methods adopted, with the following result : — 

Oral. Manual. Combined. 

England, - - - - 
Wales, - - - . 
Scotland, - - - . 
Ireland, - - - - 



2,304 


454 


112 


39 


54 


12 


87 


112 


350 


42 


464 


506 


2,472 


1,084 


980 



This return seems to show that the oral method is the one which 
finds most favour generally. It is to be observed, however, that 
several schools have returned themselves as oral schools, when 
it is a matter of common knowledge that the pupils therein quite 
readily understand the finger alphabet, and use it at least out 
of school. These schools, in fact, would be classified as com- 
bined system schools by some teachers. Till an exact definition 
is given to the words used to denote the different methods, we 
fear little importance is to be attached to these figures, except so 
far as they show the tendency of opinion amongst the managers 
of the schools. 



* C( 



Deaf Mutism, Census Returns," p. 212. 
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Efficiency of the Education given. 

The question has been raised lately as to whether the education 
which is now being given is of as thorough a character as it was 
20 or 30 years ago. 

In a recent issue of Ephphatha, a magazine published in the 
interest of the deaf, Mr. Wright, Headmaster of the Newcastle 
Institution, is reported to have said : — 

" A much larger proportion (of the deaf) is being educated, but 
I do not find that the standard of general education has advanced. 
I admit that their school curriculum now includes more subjects 
than were taught 20 or 30 years ago, but we must confess to a 
weakness in their composition, and a meagreness in their general 
knowledge and attainments, that was not so apparent in former 
days. 

" Some headmasters and teachers with whom I have discussed 
the subject attribute this decline to the time spent over articula- 
tion; others say that now-a-days too much time is devoted to 
Kindergarten and manual training during school hours." 

It would be difficult to say how far this view is correct, for 
there exists no means, except the reminiscences of old teachers, of 
comparing the attainments of present-day pupils with those of the 
past. It is obviously unfair to compare the attainments of school 
children with those of adults who have been mixing with the 
world for many years, and who have improved themselves by 
reading and study. The only time way to get a comparison 
would be for some authority, say the Education Department, to 
collect evidence from year to year and store it for the use of 
future students. 

One cause of the apparent inferiority of present-day results 
may be that, under the compulsory clauses of the Education Act, . 
many children of low vitality and intellect are swept into the 
schools, who, in the olden days, never saw the inside of a school 
at all. It is to be expected that the children of parents who 
were anxious for their children to go to school would be more 
intellectual than the children of those who require compelling to 
send them. 

Another reason, which applies equally to the schools for hearing 
children as to those for the deaf, may be that the congregation of 
people in large cities, under unhealthy conditions, is sapping the 
physique and the moral and intellectual stamina of the people* 
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This is a point which requires consideration at the hands of all 
who have the welfare of the nation at heart. 

It has a special bearing on the question of institutions verstts 
day schools. It is, in my opinion, better to send defective 
children to places where the air is pure, the feeding is well looked 
after, and physical culture can be carried on under good condi- 
tions, rather than keep them in the close neighbourhoods, where 
so many of their parents are compelled to earn their bread. 

It is to be remembered also that the compulsory clause has 
altered the conditions under which teaching is carried on. 
During the seven years that the Act has been in force in Scot- 
land, the institution in Glasgow has simply been overwhelmed 
with applications for the admittance of new pupils. This has 
necessitated many alterations to the building, and the Du'ectors 
have expended not less than £9,000 during this short time in 
building improvem«nts. It goes without saying that this means 
disarrangement of the routine and interruption of work. The 
same thing is taking place in England, as the tables above given, 
and the reports of extensive alterations of the older institutions, 
prove. 

Again, the age of the pupils must be taken into consideration. 
Formerly it was the exception to get the children at an early age. 
The pupils would be 12, 13, and 14 years of age before coming to 
school, and would stay probably five'^ year§. Now they come at 
7 (some younger) and leave at 16, and this difference in age 
necessitates a different manner of teaching. 

Language, the principal study in all deaf and dumb schools, 
used to be taught by the old grammatical method in vogue for 
teaching Latin 50 years ago — a method which, given ability on the 
part of the pupil, made many brilliant scholars, in spite of the 
disrepute into which it has now fallen. 

Such a method, however, is obviously unsuitable for children of 
tender age. Moreover, it is apparent to observing teachers that, 
while it is eminently desirable to get deaf children into training at 
an early age, yet, if this means that their time is to be shortened 
at the other end, and they are to leave school before attaining the 
age of 16 at least, then the advantage of the compulsory clause 
will be largely neutralised. I am sorry to say that there is a 
tendency manifested in certain quarters to withdraw the deaf 
children from school before their education is as complete as it 
should be. Let us hope that the good sense of the community 
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will eventually make this selfish action of parents and guardians 
impossible. 

One of the great defects in the action of the Education Depart- 
ment in connection with this question of deaf mute education 
is that, so far, little or no provision has been made for the proper 
supply, training, and retaining of the staff of teachers. Believing, 
as I do, that the teacher is practically the school, I think that 
the greatest pains should be taken to secure good teachers. But 
this cannot be done in the present state of the labour market 
without paying adequate salaries, and, while much improvement 
has taken place in recent years, there is still great room for 
further improvement. 

It may be interesting to state what has been done in other 
countries in this respect. 

In a pamphlet entitled " International Reports of Schools for 
the Deaf," issued by the Volteau Bureau at Washington, U.S.A., 
it is stated : — 

** Few Governments, so far, exact well-defined statutory qualifica- 
tions which appUcants must possess in order to secure an appoint- 
ment as teacher in schools for the deaf. 

"Prussia, as early as 1811, and more definitely in 1831, 
prescribed examinations which, from time to time, have been 
perfected, and now, not only candidates for teacherships, but also 
candidates for the position of principal and superintendent 
throughout the German Empire, are subjected to a searching 
examination by a Board of Specialists before their names can 
be entered upon the register for vacancies which may occur. A 
similar practice prevails in Sweden and other Scandinavian 
countries; England, France, and Austria offer opportunities to 
secure certificates of qualification, but mandatory laws apparently 
do not exist. 

"In America, only recently statutory requirements have appeared 
in the laws enacted by the States of Wisconsin and Illinois, of 
which the latter, in its recent law relating to public day schools 
for the deaf, enacts that : — * No person shall be appointed to 
teach in any such school who shall not have first obtained a 
teacher's certificate as provided by law, and who shall not have 
received specific instructions in .the teaching of the deaf for a 
term of not less than one year.' " 

The British Government is moving tentatively in the same 
direction, for the new code for England this year contains a 
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clause whereby students in training colleges who show special 
aptitude may, on the application of the authorities of their 
college, and with the consent of the Department, be allowed to 
take the second year of their training, in whole or in part, in an 
institution for training teachers of the deaf approved by the 
Department for that purpose. 

What is really wanted, however, is a regulation that all future 
teachers of the deaf shall be properly trained and certificated 
before being allowed to take charge of a class of children in a 
State-aided school, and, in the writer's opinion, one year is 
utterly inadequate for the purpose of such training. 

Higher Education. 

Now that the elementary education of the deaf has been put 
under Government inspection, and is no longer left to charity, 
a demand is arising amongst the adult deaf and dumb for 
secondary and higher education. This desire was voiced at a 
conference of deaf mutes held in London last summer, in an able 
paper which was read by Mr. A. M. Cuttell, himself deaf, who 
edits the paper called Uphphatha, to which reference has already 
been made. Some movement in this direction has already taken 
place. Several School Boards, including our own Glasgow Board, 
have employed a teacher to give lessons in various subjects under 
the evening continuation code, and many deaf mutes have taken 
advantage of the facilities thus afforded. A large number are 
also to be found as students in the schools of art which exist in 
nearly every large town. It is no easy matter, however, to get 
lads and lasses, who have been working hard at their trade for 9 
or 10 hours a day, to turn out to hard study in the evening, 
especially as many have to traverse long distances to and from 
their homes to their work and to the school. 

The more ambitious deaf mutes, moreover, desire something 
better than can be obtained in this way. As Mr. Cuttell says : — 
"There are in each school two or three exceptionally bright 
pupils whose education might with advantage be continued. 
They have, I think, as much right to such as they had to their 
primary education. As things at present are, the training of 
such children is left off at a point where it is most desirable it 
should be continued, and thus, because they have * no deepness of 
earth,' their talents and prospects practically wither away into 
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mediocrity. If an advanced department could be attached to 
some existing institution for the reception and training of these 
exceptionally bright pupils, the nucleus of a college would be 
thus established. After all, it is the mind which does the work 
of the world — not merely technical training, and if we enlarge 
the minds of our deaf students, they will be sure to force their 
way in the world according to their several inclinations^ and 
capacities." 

In support of this plea for some provision being made for these 
children of exceptional parts, the advocates of it point to the 
success of the Gallendet College at Washington, U.S.A., the only 
institution that we know of where an attempt is made to educate 
on college lines. 

This college, we learn from a report lately sent us, has, since 
its incorporation, chiefly devoted itself to the establishment and 
development of an advanced department, a college in which the 
education of the deaf might be carried forward so as to include 
courses of study in the higher mathematics and sciences, general 
history and literature, sociology and philosophy, the ancient and 
modern languages, and such technological studies as the deaf 
might be found capable of pursuing with profit. 

The Principal, Dr. E. M. Gallendet, says : — 

"When it was proposed in 1864: to establish at Washington a 
college for deaf mutes, a school only slightly lower in grade than 
your (British) universities, many doubted the capability of the 
deaf to receive the training of such a school, still less to profit by 
it. More than a few questioned the propriety of spending money 
for an education which they were sure could be of no practical 
value, and there were those who did not hesitate to characterise 
the scheme as one which would lift the deaf 'out of their 
sphere ' only to make them discontented and unhappy. 

" Happily for the deaf of our (U.S.A.) country, no such illiberal 
views prevailed, and Congress, in 1864, was induced to begin a 
series of appropriations, which have continued until we have in 
Washington an institution with ample grounds and commodious 
buildings, a corps of skilled professors and instructors, and all the 
essential appliances for conducting the most intelligent deaf young 
men and young women in our country through a five * years' ' 
course of study, in which they can be well grounded in the 
ancient and modern languages, the higher mathematics, the 
natural sciences, general history and literature, philosophy and 
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sociology, with a choice of technical studies, such as practical 
chemistry, engineering, architecture, and certain applications of 
the arts to industry. 

*'The success of our undertaking has justified beyond all 
question the wisdom of those who devised and proposed it to 
Congress. 

" Five hundred and eight young men and young women have 
received the training of the college, and have proved by their 
intellectual development that deafness presents no obstacle to a 
very high degree of mental culture." 

It remains to add that the cost of maintaining the institution 
here referred to, for the year ending 30th June, 1897, was 
70,863 dollars — of which amount the large sum of 39,375 dollars 
was paid in salaries and wages. The number of pupils and 
students combined was 184. The whole cost was paid by a sub- 
vention direct from the State treasury. 

If this kind of thing can be done in a new country like 
America, why cannot something of the same kind be done in a 
rich country like our own. It would be difficult to give a reason, 
except it be that we have not yet realised the duty that lies upon 
us to train up all our future citizens in the way they should go. 

The matter has been brought under the notice of the heads of 
the Education Department, and they are said to be " considering " 
the matter; but those who know the ways of the Department 
and our system of government are well aware that matters of this 
kind take a deal of consideration before action results. 

Public opinion has to be formed, and influence brought to bear ; 
and it is for this reason that I have ventured to bring this matter 
before you, in the hope that, if you have the opportunity, you 
wiU lend a helping hand. 

Till a full national scheme is organised, our local institution is 
always open to receive donations towards the founding of scholar- 
ships, either for technical training or more advanced general 
education, and if any Croesus in the West of Scotland is disposed 
to help the deaf towards this higher education that some of them 
desire, I shall be happy to indicate in what direction I think help 
may be given. 

In conclusion, allow me to say that I had hoped to have made 
this survey of the work much wider and more comprehensive, to 
have said something of the work that is being carried on in 
Europe, to have noticed the efforts which are being made to 
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spread the work in our colonies, in India, and even in China and 
Japan, but the worries incidental to and inseparable from the 
management of a large institution, the largest of its kind in 
Scotland, during a time of exceptional sickness and trouble, have 
prevented me from carrying out my original design as fully as I 
would have liked to do. I trust, however, that what I have said 
will have proved of some interest to the members of this body, 
and that the kind sympathy which is always extended towards 
the deaf and dumb themselves will be also extended to the many 
imperfections of this rather scrappy paper. 
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XII. — On the Bubonic Plague. Bj Dr. Alex. R. Ferguson. 



[Read before the Society, 20th April, 1898.] 



In bringing a subject of this kind before the notice of this 
Society, I feel that it is one in which interest and concern are 
alike awakened — those calamitous events recently seen in India, in 
connection with the disease of which it treats, c^nstituting its 
most emphatic claim on our consideration. 

Of the many epidemic forms of disease by which different parts 
of the world have been at one time or another dominated, to the 
extent almost of depopulation, none have been so long known, so 
strenuously guarded against, or so much dreaded, as that known 
as the Oriental or Bubonic Plague. 

Although evidence is not wanting that the disease had been 
known in certain parts of India and China practically from time 
immemorial, yet amongst the earliest records, the details of 
which are suf&cient to enable the nature of the disease to be de- 
termined, must be mentioned those which refer to a pestilence 
occurring in Lybia, Syria, and Egypt in the third century B.C. 
It apparently made its appearance in Europe in the sixth century 
A.D., when certain parts of the Eoman empire were invaded by 
it. Indeed, it had not disappeared from Italy and its subordinate 
provinces until, by means of very widespread sources of infection, 
the whole of Europe was submerged by what may be literally 
termed a tidal wave of death in the fourteenth century, whereby 
it is estimated that not less than 25,000,000 persons perished. 
All are now agreed that the Black Death, or " Oreai Mortality ," 
as it was called in Southern Europe, which so completely over- 
casts the history of this century, is identical in its features with 
a very fatal and highly infectious form of plague still present, 
though happily on the wane, in Bombay. There is little doubt 
that the main source of infection causing this mediaeval epidemic 
originated in China, though plague centres in India may have 
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contributed to its spread. From these ybci, especially the former, 
infection was carried along the main caravan routes. From 
China, these ran through Central Asia, keeping well to the north 
of the Caspian Sea, and thence by way of one of the Black Sea 
ports to Constantinople, which at that time constituted the main 
centre of communication between Asia, Europe, and Africa. 
Europe was thus exposed simultaneously to a source of infection 
travelling in a westerly direction overland from the south-east 
portion of Russia, and to infection borne to its various ports by 
trading ships from Constantinople. Other caravans went from 
India through Asia Minor to cities along the southern margin 
of the Caspian Sea, so that a European infection from Indian 
plague centres also is more than probable. 

Numerous epidemics of plague, which continued to be recorded 
in the fifteenth and greater part of the two following centuries, 
show with what difficulty the disease was eradicated from 
European soil, and it was only towards the close of the seven- 
teenth century that it receded slowly eastwards. In London, as 
is well known, it raged unchecked till the great fire of 1666, 
which removed to a large extent its haunts of infection, but did 
not extinguish it, sporadic cases occurring in the city and district 
tm 1679. 

It is worthy of note that plague finally disappeared from 
Europe in that district into which it had been at first imported, 
viz., the south-east of Russia. Plague as an endemic disease only 
vanished completely from Europe in 1878-79, up to which time 
certain villages on the Yolga had been subject to periodic out- 
breaks of the infection. 

In certain parts of India and China, however, plague has never 
been wholly extinct, the records of both countries showing the 
occurrence of epidemics at intervals of a few years from the 
earliest times to the present day. 

With regard more particularly to Bombay, which, as is well 
known, has been infested with plague certainly since the begin- 
ning of September, 1896, and probably earlier, authorities are 
generally agreed that, as an endemic condition, it does not exist 
in this city. It is, therefore, necessary to determine by what 
route it may have reached Bombay. Without considering in 
detail the other possible sources of infection, it will suffice for our 
purpose to state that in all probability Hong Kong must be, in 
this instance, regarded as the ^^fons et origo " of infection. 
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This is supported (1) by the fact that plague was certainly 
prevalent in Hong Kong at the time, though not in such an 
actively epidemic form as a year or two previously ; (2) that 
many persons resident in Bombay, who had travelled to Hong 
Kong on business, were allowed to return to the former city; 
(3) that, apart from passengers, ships are peculiarly liable to 
convey infection by harbouring rats, these animals being, as we 
shall afterwards note, peculiarly susceptible to plague ; and (4) 
that the disease in Bombay made its earliest appearance amongst 
a certain class of men employed at the Bombay docks in connec- 
tion with the Hong Kong steamers. 

Before proceeding to a short description of the symptoms oi 
plague, it will be well to mention that plague cases of all kinds 
may be conveniently divided into — 

I. Cases of all degrees of severity characterised by buboes. 

II. Cases of pneumonic type, giving rise to an illness very 
like an extremely acute inflammation of the lung. 

III. Cases of an abdominal type, producing an illness re- 
sembling in many respects typhoid fever. 

I. In the first variety, or bubonic plague strictly so-called, the 
patient feels feverish, out of sorts generally, and complains of 
pain in one axilla or groin. The seat of pain, which is at first 
red and exquisitely painful to touch, shows in the course of a few 
hours a tense swelling. This is connected with the abundant 
lymphatic glands of the region affected, and undergoes in later 
stages a considerable enlargement and softening. Many other 
glands become similarly involved within a comparatively short 
time, and, with a general aggravation of other symptoms, the 
patient's condition has become critical. 

II. In the second, or pneumonic variety, the symptoms are 
those of the onset of an acute pulmonary disease, and differ in no 
striking respect from those which usher in an attack of pneumonia, 
the degree of fever and illness of the patient being, however, out 
of all proportion to the lung mischief present, which may be 
relatively insignificant. We may note in passing that the vast 
majority of cases occurring in the fourteenth century were of this 
type, the description of symptoms at that time, both by medical 
and non-medical writers, constituting a graphic picture of the 



Dr. Alex. E. Ferguson on the Bubonic Plague, 257 

condition as seen at present. One of the medical writers'* of tke 
sixteenth century thus speaks of it as 

'' A dreadful pest, before unknown. 
Which seized the lungs, and made the breast its throne. 
Four days it tyrannised with dreadful sway, 
When life in purple streams broke out and fled away/" 

The expectoration of blood in this form is an early and tolerably 
constant symptom, and it is to this fact probably that reference 
is made in the latter part of the above quotation. 

III. Cases of the abdominal type of infection have only within 
comparatively recent times been differentiated, and probably for 
this reason, as well as their close resemblance to certain other 
forms of abdominal disease, especially typhoid fever, and some of 
the remittent fevers of India, constitute a minority of the cases 
of plague recently seen. Thus it is more than probable that a 
certain proportion of cases certified as remittent fever, which under- 
went a sudden and notable increase during the prevalence of 
plague in Bombay, must be placed within the category of the 
latter disease. 

From a general survey of the facts just detailed, the conclusion 
is not dif&cult to reach that the specific cause of this long-known 
and much-dreaded scourge is some form of living contagium. 
This was felt to be the case more than sixteen years ago — ^long 
before the discovery of an organism associated with the disease 
was announced. At this period Dr. Hirsch, of Berlin, main- 
tained that, for the development of the disease and the formation 
of a plague centre, there is always required the access of the 
specific virus of plague, and that these centres are co-extensive 
with the limits of diffusion of the virus. This opinion, shared by 
many, has received since 1894 the fullest confirmation in ascer- 
tained fact. In this year the announcement of the discovery of a 
specific micro-organism as the cause of plague was made independ- 
ently by Kitasato and Yersin, whose researches were carried out 
at Hong Kong during the then prevailing epidemic. The 
organism, which is now well known in many laboratories at home 
and abroad, has the form of a minute rod, and is usually, there- 
fore, termed the plague bacillus. In comparison with most 

* Fracastorius. 
Vol. XXIX. b 
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of the other disease-producing bacilli, that of plague may be 
spoken of as a short, thick bacillus. An approximate idea of its 
dimensions may be conveyed by the statement that 10,000 of 
them placed end to end, or 25,000 side by side, are required to 
cover a linear inch. The bacillus has distinctly rounded ends, 
and stains well by any of the simple aniline dyes in common use, 
e.g., fuchsin or gentian violet. A fact to be noted in stained 
preparations of the bacillus is that the terminal portions of the 
rod are stained much more deeply than the central zone — a 
characteristic to which the term "polar staining" is applied. 
Further, the existence of a capsule of quite appreciable breadth, 
in the form of a faintly-stained homogeneous envelope surround- 
ing the deeply-stained poles of the bacillus, can usually be deter- 
mined. As in the case of other encapsuled organisms, however, 
the bacillus loses this structure when grown under artificial con- 
ditions in the laboratory. The bacillus has no inherent power of 
motility, and careful examination has failed to reveal the existence 
of any mechanism, i,e,, flagella, by which locomotion might be 
possible. The existence of spores also has not been demonstrated. 
In common with the other members of the large class of organisms 
to which it belongs, its multiplication is caused by fission — a 
slight increase in length — and the appearance of transverse septa 
or divisions characterising the bacilli during the process. Each of 
these subdivisions afterwards becomes free as a young bacillus, 
capable of undergoing the same change. This process, even 
under artificial conditions, proceeds with incalculable rapidity. 
Several of the characteristic features of the bacillus, to which 
attention has just been directed, are well illustrated by this 
micro-photograph [photograph handed round], taken by Dr. 
Bitter, of Cairo, and by the lantern slide prepared by Dr. Arch. 
Young in the Pathological Institute of the Western Infirmary. 
[Slide shown on screen.] The growth of the bacillus takes place 
readily on the usual nutritive media of the bacteriological 
laboratory, especially on ordinary peptone agar. On the latter 
medium, after 24 hours' incubation at 100° F., the growth is 
apparent as a greyish-white, moist-looking film, not unlike that of 
the bacillus of typhoid fever recently shown at a meeting of this 
Society, but differing somewhat from this in the fact that the 
separate colonies of the bacillus are dotted over the surface of the 
medium in the form of minute round plaques, which only become 
confluent towards the lower portion of the tube. [Culture shown.] 
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The activity of the growth of the bacillus, although vigorous 
when freshly implanted on artificial media, declines steadily in 
course of time, so that a re-inoculation on a fresh tube of 
nutrient agar, from one containing a culture whose age is three 
weeks or thereabout, frequently proves incapable of perpetuating 
the growth. Along with this diminution in power of growth a 
notable decrease in degree of virulence is observed, and it is not 
too much to say that a laboratory culture of the plague bacillus, 
obtained by successive inoculations from a parent stock, possesses 
little, if any, actively virulent power. As a point of considerable 
practical importance, it is to be noted that while the bacillus is 
capable of growth at a comparatively low temperature (60* F.), 
yet it is easily destroyed by heat — two hours at a tempera- 
ture of 136° F., or a few minutes at 212* F., sufficing for this 
purpose. 

In the body of an infected person the bacillus is found, as a 
rule, in situations corresponding closely with the morbid con- 
ditions which it produces. Thus, in the buboes or swellings of 
lymphatic glands, which characterise the majority of plague 
cases, the bacillus occurs in immense numbers, and virtually in a 
condition of pure culture, while in the spleen they are fairly 
numerous. 

In cases of the pneumonic type the lung alveoli^ or air-cells, 
and expectorated matter contain the organism in abundance. 

It is only in very severe and rapidly fatal cases in the human 
subject that they can be found in the blood during life by micro- 
scopic examination. In the blood of the smaller rodents, however, 
the bacillus can be demonstrated in immense numbers. 

The division of cases of plague into the three clinical types 
which we have mentioned — viz., the bubonic, the pneumonic, 
and the abdominal — correspond generally to three possible modes 
of invasion of the body by the bacillus. These are — 

I. Through small wounds and abrasions of the skin. In this 
way one or two medical men have suffered during the epidemic 
still in progress in Bombay, having been inoculated through 
wounds received while making postmortem examinations in plague 
cases. Experimental inoculation of the disease in monkeys 
showed that they contracted it typically, though the point of 
entrance of the virus could scarcely be detected with the naked 
eye. 
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II. By inhalation^ in which case, naturally, the pulmonary 
system bears the brunt of the infection. 

III. By ingestion with the foody in which the mesenteric glands 
associated with the intestine are inyolved. 

In reading the records of plague, as seen both in ancient and 
modern times, we are driven to the conclusion that dirt, over- 
crowding, and defective drainage have everywhere, and at all 
times, co-operated as a powerful alliance in its propagation. 

In these respects, " a more favourable hot-bed for the develop- 
ment and dissemination of the disease could neither possibly 
exist nor be imagined than the town and island of Bombay." 
This applies, with particular emphasis, to the native quarter, in 
which plague first broke out. '* These are to a great extent 
built on "made soil," much of which was originally impure 
material, including what has been used in reclamation in the 
vicinity of the docks. Blocks of buildings, several storeys high, 
were rapidly run up some years ago without proper connections 
with the sewers, and only surface drains in many places to carry 
off the surplus sewage and soakage which the ground could not 
absorb, the solid excreta being removed in baskets on sweepers' 
heads to the nearest night-soil cart, which, when full, is drawn by 
bullocks, to be emptied into the main drain at Camac Bridge or 
elsewhere. The pollution of soil and atmosphere in such circum- 
stances may perhaps be better imagined than described." * 

In concluding this paper, which presents merely an outline of 
the subject, a reference must briefly be made to the results 
obtained by a mode of treatment now much in vogue in connec- 
tion with specific infectious diseases of all kinds. In order better 
to comprehend the nature of this mode of treatment, allow me to 
call your attention to such facts as the following : — Cultures of 
most pathogenic microbes, after being grown under not altogether 
favourable conditions, undergo a certain diminution in virulence, 
so that, when introduced into the body of a susceptible animal, 
the effect produced is very much less than that which follows an 
injection of the same organism under other circumstances. Such 
cultures are said to be "attenuated." It has been found, for 
example, that a series of injections of cultures of the cholera 
spirillum, of successive degrees of attenuation, is followed by a 

* Brit, Med, Jour. , Feb. 13, 1897. 
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condition of comparative immunity against cholera. In other 
words, the injection of what was formerly a lethal dose of 
a culture of normal virulence is now followed by a slight, 
transitory effect, or even by none at all. "Such a method 
can be preventive, but can never be curative, as the immunity 
must be developed before the onset of the disease. Immunity 
of this kind is comparatively slowly produced, and lasts a 
considerable time, though the period varies in different cases."* 
Again, if a high degree of immunity be conferred on an animal 
by the method above described, it is found that the serum 
of such an animal is capable of exerting an antagonistic or 
neutralising influence when injected into another animal along 
with the organism (or its products) in question. The serum of 
the immunised animal is thus capable of conferring a certain 
degree of immunity on another animal. It is important to note 
that this immunity is conferred even though the second animal 
has been infected before receiving the injections of serum. This 
latter method has thus a curative action. 

Haffkine's mode of treatment, which is entirely prophylactic, is 
based on the flrst of the methods described. Its aim is the 
establishment of a certain degree of immunity against the plague 
by means of injections of cultures of the plague bacillus, whose 
vitality has been destroyed by subjecting them to a temperature 
of about 60° C. It is gratifying to note that of 8,142 persons 
treated by this method in Bombay up till October, 1897, only 18 
were attacked by plague. 

The results given in connection with Yersin's anti-plague serum 
are equally encouraging, though the precise value of both methods 
must be based on results involving their greatly extended appli- 
cation. 

*Muir and Kitchie, " Manual of Bacteriology." 
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XIII. — Some Scientific Questions concerning Pictures. By 
Abchibald Barb, D.Sc, Professor of Engineering, Glasgow 
University. 



[Read before the Society, 9th February, 1898.] 



Some scientific questions concerning pictures ! I have no doubt 
that many persons, including, it may be, most artists, on hearing 
this proposed as the topic for a paper, would be disposed to say, 
"The author has no subject, there are no such questions, science 
has no kinship with art, and can have no bearing upon art in any 
of its forms." 

I do not propose to attempt to define art either in the abstract 
or in any of the manifold forms in which it em^bodies itself, but I 
think we may take it that art is a something, or some quality, 
that has to do with the manner in which the conceptions and 
perceptions of one mind may be realised in concrete form and 
presented to other minds. If this be what we mean by art, then 
it appears to me that any view of art that would leave no place 
in its sphere of operation for bearings upon each and every depart- 
ment of human knowledge, and each and every aspect of human 
thought and feeling, is a narrow view, and one that would lower 
art from the high pinnacle that may be justly claimed as its proper 
seat. The elevation of art above the realm of the purely 
matter of fact is an elevation, not of icy isolation, but of ascendency 
and transcendency. Any theory, or — if a theory is here an 
impossibility — any conception, of art as independent of know- 
ledge, seems to me to be a degradation of that which it would 
apotheosize. 

Without being an idealist or a nominalist, one may, I think, 
hold that art has no existence outside or apart from the mind of 
man, and it must be related in each mind to the knowledge which 
forms the basis of the impressions of which that mind is capable. 
To whose mind, then, should a work of art appeal, since '* each man 
has, or thinks he has, a mind and ideas "? 

Let us consider the question for a few moments with a text to 
work iromi 
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In his remarkable — I would say extraordinary — lecture, to 
which he has given the curious, though suggestive and reminiscent, 
title, " Ten o'Clock," Mr. Whistler says of Art — " She is a goddess 
of dainty thought, reticent of habit, abjuring all intrusiveness, 
purposing in no way to better others. She is, withal, selfishly 
occupied with her own perfection only, having no desire to 
teach." 

And of Rembrandt, Tintoret, Paul Veronese, and Velasquez, he 
asserts, "No reformers were these men — no improvers of the 
ways of others." 

Now I make bold to say that neither in these words them- 
selves, nor in the working out of this section of his theme, did 
Whistler express any truth fully or clearly. Perhaps, indeed, in 
conformity with the theory of art which he seems vaguely to 
enunciate, he had no desire to teach, or to improve, no intention 
to appeal to any intelligence on the part of his Oxford audience. 
He may accordingly have intentionally clothed his doctrine — if 
he had one— ^in a ten-o'clock-of-the-evening obscurity. 

But I think one cannot be far wrong in assuming that his 
doctrine, so far as it is hinted at, amounts to the claim of " art 
for art's sake," and affords one answer to the question we have 
asked, in the assertion that art has no desire to appeal to any 
mind save possibly that of the artist himself. 

Punches young artist gave us a much more definite, if less 
poetical, statement of this doctrine when he exclaimed — "High 
art is for the few, not for the many; the higher the art the fewer 
the few; the highest art of all is for one, and that for myself.'* 

There is a form of art, so called, which many of us have no 
desire to recognise as within the sphere of our ideas of the beautiful. 
As Sir E. J. Poynter has indicated, the tendency of the modern 
French School in Art is towards too exclusive devotion to 
treatment, and the result has been that the French " have almost 
arrived at the conclusion that one object is as good to paint as 
another — a female head or a piece of raw meat being looked upon 
as equally suitable for the exercise of the skill in painting." 

Not so with the greatest artists of this or any other age. They 
have had their missions, and they are great in the measure in 
which they have fulfilled them, whether these missions have been 
purely eesthetic or of that higher order that combines the sesthetic 
with the ethical. Verily they have been improvers of the ways of 
others. Their works do appeal to men, and appeal alike to the 
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learned in art and to the unlearned. like the great in every 
sphere of human activity, they are great in as much as — 

" They wrought a work which time reveres, 
A pure example to the lands, 
Further and further reaching hands 
For ever through the coming years." 

Watts, undoubtedly one of the greatest of our modem painters, 
has given us a statement of his own artistic aims : — " My intention 
has not been so much to paint pictures that will charm the eye, 
as to suggest great thoughts that will appeal to the imagination 
and the heart, and kindle all that is best and noblest in humanity. 
I teach great truths — I appeal to men of all ages and every faith." 

And has an adverse criticism of his own work as having a 
moral significance not called forth from one of the greatest 
artists of any age — Alfred Tennyson — words, perhaps, the most 
burning he ever wrote— 

<' Art for art's sake ! Hail truest Lord of HelL . . " 

He, like Watts, devoted his life to "Art for art's sake — and 
man's." 

Not, indeed, by any means, that every work of art, to be a great 
work, must have a lofty theme or a moral lesson, but surely to 
elevate mere craftsmanship over the conceptions it clothes, the 
truths that it embodies, and the influences it may exert — nay, to 
condemn a work of art for having a high theme and a noble 
purpose — is verily an exaggeration of the vulgar error — 

''To give to dust that is a little gilt, 
More laud than gilt o'er dusted." 

Leaving these general observations regarding the ends and aims 
of art, let us examine the connections with art of the external 
facts and phenomena which form the basis of its concrete 
expression. 

I shall take another text from Whistler, not that I understand 
that his words will be universally accepted as a gospel of art by 
artists — we should search long enough, I fancy, for any accepted 
canon — but because he is justly considered a great artist, and 
he has given us words which, we may assume, represent at least 
an artist's creed. These words are as clear as noonday : — " Natnre 
contains the elements, in colour and form, of all pictures, as the 
keyboard contains the notes of all music. But the artist is bom 
to pick and choose, and group with science, these elements, that 
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the result may be beautiful — as the musician gathers his notes and 
forms his chords until he brings forth from chaos glorious 
harmony.'' 

Yes, to pick and choose and group, that the result may be 
beautiful. But beautiful to whom ? Who is to set a criterion of 
the beautiful) If it is each artist for himself, then all con- 
siderations or criticisms of art, from whatsoever source they come, 
are vain, and the veriest daub may be the highest work of art, 
since it is the poorest artist who is most certain to have the fullest 
conviction of the perfection of his own work. 

No ! Art, to be art, must appeal to some audience beyond the 
artist himself. But it may be argued that art to be true art need 
only appeal to those who have made it their special study. I do 
not think that this is altogether true, but granted — and indeed it 
is a part of the argument I would desire to enforce — ^that a perfect 
acquaintance with art would be essential to the full appreciation 
of the merits of a perfect work, it may still be true i^at a perfect 
knowledge of art would involve a perfect knowledge of everything 
else that is knowable. It is the acceptance of this view, it 
appears ta me, that will raise art to its true place — and that a 
high one— among the vocations of men. This is what I would 
understand as the true meaning — whether or not it is the 
intended meaning — of the words I have quoted. The artist is to 
pick and choose and group with science — with knowledge, I take 
it, not of the technique of art alone, but of all that appeals to the 
senses of man. Therefore, I repeat, act to take its proper place 
must have a connection, and an intimate connection, with each 
and every department of knowledge, and with every aspect of 
human thought and feeling; and it is to the mind that has a 
competent knowledge on the one hand of everything that concerns 
the external realities and the ethical principles with which art 
deals, and on the other of the traditions of the craft and the 
aspirations of the craftsmen, that a work must appeal in order 
to be worthy of general acceptance as masterly. I would I had 
sufficient knowledge of art to enable me to speak from that side 
on the bearings of scientific truth or falsehood on the artistic 
value of pictures. I shall, as far as possible, allow artists to speak 
for themselves. But this far, at least, we may surely go on thd 
most general considerations — and we may be able to illustrate 
the dictum in various ways — that any work that depends for its 
effect upon the ignorance of the audience is, in so far less worthy^ 
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less perfect, than one that depends upon inherent truths. The 
only question may be what is truth in respect to art. 

Now it seems to be assumed by artists that the alpha and 
omega of such ideas regarding art as are held by those who are 
without its pale, in the professional sense, are expressed in a 
demand for transcriptions of natural scenes and actual events as 
literal as the materials of the art will permit. If I may be bold 
enough to speak in the name of the students of science, I will 
assert that this assumption is as unfair and as untrue as would 
be the assertion that the artist's ideal masterpiece of architeo- 
tui'e, or of any other of the constructive arts, would be a work that 
had some kind of beauty of form, with an utter indifference to 
all considerations of utility or of structural fitness of design. 

It is indeed instructive to note that the most hard and 
uncompromising expressions of this theory of art come from the 
artists, not from the students of science. It was Leonardo da 
Vinci who propounded the theory in so many words that " the 
looking glass is the master of painters,"^ and it was Shakespeare, 
who, in regard to another form of art, puts these words in the 
mouth of the spokesman — 

Its end ''was, and is, to hold, as 'twere, the mirror up to nature." 

But, fortunately for art, neither they nor any other artists of note 
have practised, in any literal sense, the doctrine thus announced. 

No, it is not that view that will meet with the approbation of 
the art-loving student of science, but the view already quoted 
from the later master — "Nature contains the elements in colour 
and form of all pictures," but "the painter is born to pick and 
choose and group with science, that the result may be beautiful." 

We set aside then at once, and for good, the idea that art reaches 
its highest perfection when it succeeds in producing the most realistic 
and illusive representation of some natural objects or aspects. 
Such a view, at the very best, would make perfection depend only 
upon the extent to which the artist has succeeded in depicting 
what he has chosen to represent — not at all on the nature of the 
choice. It would be a laudation of the "raw meat" order of 
pictures, the very existence of which to-day — nay, more to-day, 
perhaps, than ever before — shows that it is among artists them- 
selves that literal and realistic transcription is looked upon as 

* May we not read "photographic camera" for "looking glass" to give 
these words a modem rendering ? 
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manifesting the artistic power. All worthy pictorial art 
consists more in the matter than in the manner of the work, 
just as true poetry consists more essentially in lofty thoughts and 
noble conceptions than in smoothly flowing lines and faultless 
rhymes— however essential these may be to the highest perfection 
of the finished work. "The greatest artist," says Kuskin, **is he 
who has embodied the greatest number of the greatest ideas." Art, 
therefore, finds its richest field of labour in the imaginative side 
of its work ; a great picture should be a great invention, as well 
as a cunning piece of craftsmanship. 

A picture may indeed deal with a certain scene or a certain 
incident. Its ostensible object may be to convey an impression of the 
grandeur and sublimity of some special aspect of nature, or of the 
actual facts of a particular historical events In such cases it may 
be a question how far the artist may legitimately depart from 
literal truth. To fix our ideas, suppose the subject be the "Death 
of Nelson." Now, while the artist is free to select the moment 
most suitable for pictorial treatment, we may reasonably demand 
that he will spare no pains to paint the scene, in all essentials^ as 
trujbhfully as it is in his power to do. Such a picture makes a 
statement as regards a fact in history, and we may rightly 
demand of the painter the truth as regards all matter of fact 
essentials in the portraiture of the principal personages, the 
delineation of the uniforms, and the presentment of the actual 
surroundings; and aU physical impossibiUties or anachronisms 
will fairly lay the artist, as they would the historian, open to 
criticism. Historical pictures should be as literally true, as 
rega/rds the impression they convey, as historical records of any other 
kind. For this reason we may, and we do, demand, for example, 
of the artist who would deal with scenes of ancient history, a com- 
petent knowledge of archaeology and of recorded facts. 

There are, however, important intrinsic differences between 
pictorial and written historical records. In the first place, the 
historian may omit from his word picture all references to 
incidents and accessories of which he has no sure knowledge, or 
which he considers it unimportant to record. We clothe his 
sketch in an environment of our own imagining, and to enter into 
minute and trivial details would be mere pedantry and wearisome 
padding. On the other hand, the painter must invent for himself, 
and for his audience, the incidentals of the scene, in so far as they 
are not come-at*able by any more legitimate means. One con- 



268 Philosophical Society of Glasgoto, 

spicuous example may suffice to illustrate this point. In the 
written records of the Institution of the Lord's Supper, we are 
told little regarding the attitudes of the guests, or the famishing 
of the table spread for their reception. But Leonardo da Vinci, 
in transferring to the wall of the Kefectory of the Milan 
Convent his conception of the scene, was compelled to 
invent an infinitude of unrecorded features. Considering 
the state of 'art and of knowledge in the fifteenth centurv, 
we should be unjust alike to the artist and his immortal 
work on the one hand, and, on the other, to our own feelings of 
reverence and respect for the past, were we to cavil at the 
European traits of the conception. We are content to admire 
the masterly treatment of the features chosen, and to be thankful 
to believe that the ma^er gave us the scene in the noblest form 
in which he could clothe the meagre materials. But should any 
artist to-day attempt to depict that sacred scene, he would lay 
himself open to condemnation as culpably ignorant or false, and 
his work to ridicule as absurd, however masterly its technique, 
were he to treat such a theme with utter disregard of Eastern 
manners and customs. And, indeed, no modem artist, worthy of 
the name, would now be guilty of such inaccuracies. He would 
make himself more or less familiar at second hand with the 
maimers and customs of the land in which his scene was laid, did 
he not indeed study on the spot all he could find to throw light 
on his subject, as did Mr. Holman Hunt, with so much labour, 
hardship, and danger, for his famous picture of " The Scapegoat." 

We shall see, however, that this latter-day respect for truth of 
treatment has not yet pervaded the artistic world in respect to 
elements much more certainly and easily ascertainable than those 
pertaining to the manners and customs of the ancient Jews. 

But to descend to more modem instances. Most people have, 
no doubt, admired the beautiful and graphic lines of Wolfe on "The 
Burial of Sir John Moore." In that word picture we are told that 
the weary work of laying the warrior to rest was performed " by 
the struggling moonbeams' misty light." Here we have a definite 
statement, and one, be it noted, that the poet had no call to make, 
save possibly, in his own view, for the sake of pictorial effecti 
But the "Nautical Almanac" shows, beyond the shadow of a doubt^ 
that the moon was new on the morning of the battle of Corunna^ 
and could therefore have borne no part in the solemn obsequies that 
followed " at dead of night." Now, we may be much more disposed 
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to smile, or even to sneer, at the inquisitiveness and pedantry of tlie 
critic, whoever he was, who unearthed this information, than to 
frown upon the poet who trusted to his imagination for his facts. 
Still we are not precluded bj this sentiment from expressing the 
view that the poem would have been still greater than it is had it 
recorded, in equally poetic IcmguagCy the truth that even the 
kindly help of the moonbeams was withheld from the toilers. In 
that case the lines would have appealed alike to the artistic sense 
of the lover of poetry, and to the regard for truth which must 
characterise the students of history or of science. 

I refer to this example of poetic license in no spirit of cavilling 
hypercriticism, but merely in order to point the argument which 
I am following, that pictures may not be enhanced in beauty, 
in the eyes of any one, by the introduction of untruths and 
anachronisms, while their effectiveness, in the eyes of those who 
happen to know, may thereby be reduced — possibly vastly reduced. 

But let us look a little more closely into the source of the 
feeling of toleration, which everyone must share, in a greater or 
less degree, for such misrepresentations of facts. One who had 
taken part in the solemn rites would at once have seen the 
inaccuracy. Why did we not at once rebel against the falsehood? 
Simply because we saw nothingincongruous in the suggestion of there 
having been moonshine on the night of the 16th January, 1809. 
But suppose that a painter, gifted with a lively, and, let us grant, 
a lofty, artistic imagination, should give to the world a picture, 
masterly in techni^ue;^ of the Battle of Waterloo, and should, 
either from carelessness or of deliberate motive, represent the 
conflict as taking place in a snow storm, would we be equally 
tolerant? I think not. And why? Simply and solely because 
we have reason to know, or at least to believe, that it was not 
winter on the 18th of June, 1815. It is then simply and solely a 
matter of knowledge. We tolerate in poetry or in pictures state- 
ments or features which we have no reason to know or to feel to 
be untrue, and leave ourselves free to admire the art with which 
these features are portrayed, but we — all of us, artists and laymen 
alike — will be prepared to condemn any absurd device for attain- 
ing a so-called artistic effect as soon as the absurdity of the device 
is sufficiently manifest. 

But there is another and, for our present discussion, more 
important and fundamental distinction between the two kinds of 
historical record than that to which I have referred. The 
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hlBtorian is unlimited as to time and space. He may, without 
any departure from literal truth, fill up his word picture with 
any succession of events, and again he may bring into it any 
elements he chooses, however these may have been scattered in space 
around the central figures of the scene. The painter, on the other 
hand, is limited, by the nature of his art, to a single instant of 
time, and to a very limited field of view. Even assuming, then, 
that the painter's object is to convey to the utmost of his ability 
and knowledge as truthful an impression of his subject matter as 
the limitations of his art will permit, he may — indeed, he must- 
bring within the limits of his picture elements which, in the actual 
event, were scattered both in time and space. Here the painter, 
even of scenes from contemporary history, has a wide and 
legitimate field for the exercise of his powers of idealisation and 
design. His work need not be, and should not be, any mere 
coloured instantaneous photograph, so to speak ; he can give us a 
much more truthful impression of the event or scene as a whole, 
than such transcript of the momentary aspect of a section of a 
spectator's field of view would convey. But such a gathering in 
of scattered elements may readily be carried too far, and may 
lead to absurd and impossible combinations, as in this picture of 
Joshua commanding the Sun and Moon to stand still. Here 
you see Joshua assuming an attitude of command, while he turns 
his back upon the sun and the full moon, which are brought into 
close proximity to each other in the background of a picture 
lighted from the front. 

No doubt there was a time when the audiences to whom the 
painter desired to appeal could not be trusted to imagine much 
for themselves, and artifices such as that just instanced may have 
been more necessary at one time than they now appear to be. So 
much, at least, would be indicated by the immense advance that 
has been made in the representation of ideas. Take, for example, 
this rendering of the simile of " the mote and the beam." You 
will observe that the artist has introduced a wall for the support 
of the other end of the enormous log. A somewhat less literal 
rendering would nowadays appeal more strongly alike to the 
artist and his audience. 

We turn more particularly to the consideration of such details in 
pictures as deal with objects or phenomena, the facts regarding which 
fall within the sphere of natural history or natural philosophy. 

How far should one look for literal truth in regard to the treat- 
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ment of these elements in pictures, and bow far should we expect 
the artist to make himself familiar with the facts concerning them ? 
I daresay that there are many artists and many laymen who, while 
they may be disposed to grant that art should not be considered 
as independent of the truth in respect to the aspects of nature 
with which it deals, nevertheless hold the view that the study of 
science, as such, is fatal to true artistic perception. That this is a 
fallacy — or, at least, by no means an essential truth — can, I think, 
be sufficiently proved by appeal to great examples. May we not 
instance once more the case of one who has been called the poet 
of science ? Did Tennyson's wide study of the facts and general- 
isations of physical science (for such he made) dull his perception 
of the beautiful ? Did it trammel his mind and render his work 
less truly imaginative and artistic than it otherwise would have 
been? We find him "deep in Lyell's Geology," with what 
result 1 He writes such lines as these : — 

** There rolls the deep where grew the tree, 
earth, what changes hast thou seen, 
There where the long street roars hath been 
The stillness of the central sea. 

The hills are shadows, and they flow 
From form to form, and nothing stands, 
They melt like mists, the solid lands 

Like clouds they shape themselves and go." 

Are these words less beautiful than any such references to ever- 
lasting hills and changeless seas as would be the result of casual 
and unscientific observation ? Are they not, from the very fact 
that they embody truths that will appeal in all time to those who 
know, more beautiful than any false picture 1 

Not that Tennyson always portrayed the actual as distinguished 
from the seeming. Like all true artists, he paints what appears 
to he and not what is when he is dealing with impressions, but 
he never published a line, so far as I am aware, that will convey, 
a false impression. 

Passage after passage might be quoted from among the finest 
lines that Tennyson wrote to show the inspiration that his study 
of science supplied ; and in all his writings I can recollect no 
words that are not literally true to nature, with the exception, 
perhaps, of those in his poem of Anacaona, published for the first 
time in the Memoir. We are told that he liked this poem, but 
would not publish it, one of his reasons being that it contained 
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elements untrue to natural history. Would that all artists had 
such love for truth and for the greatness of their art ! 

And to turn from the artist to his audience. Is the student of 
science, who reads in Tennyson's lines a most yivid picture of 
the past and future of the physical world as revealed to him by 
science, less able, on that account, to appreciate the consummate 
art with which the picture is drawn, than one who knew not what 
truth or falsehood they might contain, though he might be able to 
scan the lines and expatiate on the justness of the quantities and 
the musical sequence of the vowel sounds 1 

If the artistic value of Tennyson's lines has no connection with 
the truth of the images, and the clearness with which they are 
expressed, then I suppose we must i*aise to an equal level of art 
such lines as these, which seem to deal with a somewhat analogous 
imagery — 

"0, to be wafted away from this black Aceldama of Sorrow, 
Where the dust of an earthy today is the earth of a dusty tomorrow." 

Or did Michael Angelo's close study of the anatomy of the 
human form render his drawing pedantic or ungraceful? Is it 
not his very truth to nature, and his power of so arranging true 
forms and colours " that the result might be beautiful," that 
makes his work the most masterly of its kind ? Why, then, will 
artists not see that truth to nature in other forms with which 
they deal is not incompatible with the highest development of 
the true creative faculty 1 

It would, indeed, argue an utter ignorance of the nature of art 
were anyone to claim that familiarity with the facts and 
phenomena of nature, as revealed by science, will, or can, of itself 
create the artistic perception. Nor can science deal at all with 
the most important elements of artistic effect. In regard to 
music, science can explain and specify what notes will form true 
chords, but can go little, if any, further towards the discussion of 
questions of musical grouping of notes, and chords, and tones. 

Nor can scientific knowledge give one the right to criticise the 
artistic value of a picture as a whole. The artist who accepts 
the criticism of the students of science may still apply to us the 
lines — 

** Our friends the Reviewers, those chippers and hewers, 

Are judges of mortar and stone, sir ; 
But of meet or unmeet, in a fabrick complete, 

I'll boldly pronounce they are none, sir." 
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All that we claim, or are concerned to claim, is that acquaintance 
with the facts and phenomena of nature on the part of the a/rtist 
will not destroy his sense of the beautiful, but will rather act as 
an inspiration, and teach him something he may otherwise miss 
regarding the alphabet of his language. '^Nature contains the 
elements in colour and form of all pictures," and while science 
will not teach the artist directly what is a beautiful choice, it will 
tell him what is^ and therefore what he may look for, and it will 
help him to avoid errors which cannot enhance the merits of his 
work. 

There is, no doubt, a deep, fundamental, and far-reaching 
connection between what is in nature and what appeals to us 
as beautiful. The fact that a form, a colour, or a combination, 
exists in nature in a large measure makes that form, or colour, 
or combination, beautiful. If the grass had been brown, we 
should, no doubt, have considered brown fields more beautiful 
than green ones, because our sense of fitness in colour would 
have been attuned to that condition. But we canhot pursue 
this line of reasoning. It would lead us far into the arguments 
for design or development, or both, in the natural world. It 
may, however, be observed, as very directly bearing upon our 
present subject, that artists of all ages have accepted the human 
form as more beautiful than any they could invent for themselves. 
So strong, indeed, is this sense, that even when the artist gives 
us his idea of a mythical deity such as a Jupiter or an Apollo, 
or an abstraction (from the physical point of view) as that of 
life or of the Soul, he adheres with consistency to the forms of 
nature. His Hercules may have more fully developed muscles 
than his model, and his Yenus may be more beautiful than any 
daughter of Eve, but they are always conceivable forms. Even 
when he paints the "winged god," he provides him with all 
the muscles required for ordinary terrestrial locomotion, but con- 
siders it unnecessary, or contrary to his ideas of the beautiful, 
to supply any for operation of his pinions. 

Nor does the artist ever deliberately depart from the possible 
or the reasonable in his treatment of the human form as such. 
In the filling of his canvas, or in the design of his picture in 
respect to the balance and artistic fitness of lines and colour 
masses, he exercises all his ingenuity and artistic skill in the 
arrangement of natural and recognisable forms. Michael Angelo 
did not introduce in his *' Cartoon of Pisa" any legs or arms that 
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had no business to be there, save to fill up a blank, or break up 
an awkward mass. Such a method of obtaining '* artistic effect '' 
would be of the kind I have referred to — it would be too manifestly 
absurd, if not to the artist himself, at least to his audience. 

But what of inanimate nature ? 

It may be observed, in the first place, that it is in regard to 
inanimate features that nature is most constant. Nature may, 
and sometimes does, produce a hand with six fingers, but the 
artist never introduces six fingers to give completeness to 
his composition, though he might plead such justification. 
On the other hand, there never was a rainbow that was not 
circular (as far as the eye could tell), nor one that had any other 
angular magnitude or order of colours than those fixed by the 
nature of things, nor yet one that was not directly opposite the 
sun. Tet artists will create impossibilities in all these respects. 
Turner, who is so true to nature in some aspects of his work, 
would paint an elliptical rainbow instead of a circular one, if so it 
fitted better the limits of his canvas — as in a vertical picture of 
" The Devil's Bridge." Perhaps he did not notice this want of 
truth to nature, but others, and not laymen alone, do. I 
happened to be standing in front of that picture on one ocoa* 
sion, and overheard a celebrated artist — a late President of the 
Boyal Scottish Academy — remarking to his companion that he 
thought Turner might have used a pair of compasses with 
advantage. 

So, on another occasion, it is said, when a client remarked 
upon the absence of colour in one comer of a painting. Turner 
replied that he would soon put that right, and painted in an 
utterly impossible and ridiculous rainbow. Would he have 
introduced an extra leg or arm into a figure piece for a like pur- 
pose ? And if not, why not ? 

Hero is a picture by Bubens. It has for its subject — or at 
least its title — "The Bainbow." It is no doubt the picture to 
which Buskin refers as having the rainbow in dull blue, darker 
than the sky, in a scene lighted from the side. He does not 
notice, however, so far as I remember, that the rainbow trans- 
gresses another law of nature — it is quite impossible as regards 
angular magnitude. Buskin justly remarks that " Bubens is not 
to be blamed for ignorance of optics, but for never having so 
much as looked at a rainbow carefully." But artists are now 
going more to nature than they did at one time. It is said that 
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Gainsborough painted his landscape backgrounds from models 
erected on his table, composed of broken stones, dried herbs, 
and pieces of looking-glass; and another famous artist is said 
to have taken " a pot of porter and a Stilton cheese " as the 
originals of a castle aud a rock in one of bis great works. 

Sir J. Norman Lockyer has told a story to the effect that an 
eminent artist, then living (15 years ago), had painted a rainbow 
practically inside out, and " when the picture was returned to him 
in order that the colours might be corrected, was so indignant 
with this attempt to interfere with this special development of 
* the highest style of imaginative creation,' to use Lord Beacons- 
field's words, that he charged the trifle of £20 for attempting 
to place the colours in the order in which monotonous nature 
perversely insists they shall stand." 

But not only do artists take such liberties with inanimate 
nature, but, what is worse, they will excuse them as necessary for 
true pictorial effect. This is simply a confession, though not a 
very candid one, of the limitation of their own powers of arrange- 
ment and design — the powers that Whistler has so well said they 
were born to exercise. 

It is precisely such a confession that is made with candour by 
the epitaph writer who gave us the lines — 

'' His nose's cast was of the Koman, 
He was a very pretty woman ; 
I couldn't get a word to rhyme with Roman, 
So was obliged to call him woman." 

Will artists recognise the kinship of that great poet ? 

Such a limitation figure painters, with the example of Michael 
Angelo before them, have never recognised as insuperable. 
They have started with the assumption that absurdities are barred, 
and that they must therefore learn to group true forms with 
science. 

I have indicated the view that artists never depart from 
reasonable truth in respect to the human form because they find 
that they have no need to do so, and that to do so would at once 
lower the character of their work. And so it has been with respect 
to some inanimate features. They have only required a sufficiently 
authoritative pronouncement to convince them that the true is at 
least as beautiful as the false. 

For example — Claude painted his reflections wrongly ; Turner 
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painted his correctly. We never nowadays find Claude's mistake. 
Every artist now knows that the reflection of a light on water 
should come vertically downwards in his picture, and paints 
it so. 

Who will teach artists a similar lesson with regard to refraction 1 
I have never, in any gallery at home or abroad, found a single 
picture in which the artist has taken any cognisance whatever of 
that phenomenon. When, for example, a figure is shown stand- 
ing in water, the water is either represented as absolutely opaque, 
or else the figure is painted in first and the water added, with an 
entire disregard of its optical properties. One would have 
thought that a tub of water would have been an inexpensive and 
instructive addition to the studio properties. 

It would take several papers to adequately illustrate the 
artistic (?) treatment of moons. Painters' moons are " continually 
disappointing the public," as Artemus Ward said of the one in 
his panorama, which used to hop about the canvas in a most un- 
dignified manner as soon as he turned his back. Here is one 
example that is perhaps unique in its absurdity — which is saying 
a good deal. The subject is " A View from the Planet Mars." 
You will observe that the artist has here given freedom and 
grace to his composition by representing the moons of different 
ages and in different attitudes — he has, in fact, illuminated them 
from different suns. Not content with this extra provision for 
the Martian day, of which we had not hitherto been made 
cognisant, he has given one of his moons an actual and not 
merely an apparent crescent form, as you will observe that the 
circle is not completed by any occultation of the stars. 

A curious and interesting instance of the occurrence of such a 
physically defective moon in poetry is found in the "Ancient 
Mariner," and the case is all the more interesting because we are 
able clearly to trace its origin — or at least its probable origin. 
We find these lines in that beautiful poem — 

" Till clombe above the eastern bar 
The horned moon, with one bright star 
Within the nether tip." 

In the first edition of the poem it stood " almost within the tips," 
and, no doubt to improve the rhythm, Coleridge substituted a 
false picture for a scientifically true one. Such a departure from 
truth can only be attributed to want of knowledge, or want of 



Prof. Barr on Sdentijic Qv^estions concerning Pictures. 277 

power to express the truth sufficiently poetically. In this 
instance we must say appa/rently to the latter. 

I must for the present omit what I should like to have said on 
the subjects of perspective and of contrast of light and shade in 
pictures. There are many points regarding these that are essen- 
tiaUy of a scientific nature, depending as they do upon the 
principles of geometry, of optics, and of physiology. If I may be 
permitted to do so, I may venture to bring some such questions 
before the Society on a future occasion. I may here, however, 
remind you of the very fundamental and important distinction 
between the spheres of art and of scientific study. The student 
of science, as such, is concerned essentially with what isy the 
artist is concerned with what appears to 5e, or with the impression 
which he wishes to convey. I shall at present refer to one aspect 
only of this distinction — namely, the treatment of objects in 
motion. The artist who would "^represent a moving wheel, for 
example— as in this delightful sketch from Punch of " Cross 
Purposes " — must not represent the spokes of the wheel as they 
actually are, or as an instantaneous photograph would show them, 
but he must put in a multitude of lines to give the correct im- 
pression of the wheel as it appears when rapidly revolving. A 
much more important case is that of animals in motion. Forget- 
ful of the principle above referred to, a good deal of nonsense has 
been written regarding the treatment by artists of trotting and 
galloping horses. Muybridge's most interesting photographs 
have shown us how horses actually move their legs, and what 
attitudes they assume during their strides, and some writers have 
blamed artists for painting horses in attitudes that they never 
take. But artists have nothing to do with the instantaneous 
attitudes of a moving animal, they must give us such attitudes 
as are most suggestive of the appearances the movements convey. 
Now, it is both interesting and instructive to notice that if a 
" composite " is made from a set of Muy bridge's photographs — 
that is, if all the pictures of a set representing a complete stride 
be superimposed — the resulting blurred picture does suggest 
attitudes of the legs closely resembling those which artists such 
as Meissonier have depicted. It is greatly to the credit of artists 
that they have so carefully observed horses in motion as to be 
able to give a rendering, perhaps as perfect as possible, of what is 
essentially unpaintable. It serves further to illustrate the devo- 
tion of artists to truth of treatment in dealing with animate 
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nature, and makes us the more desire that they would show a like 
appreciation of the beauty of inanimate creation as it actually 
presents itself to our eyes. 

A^ we have seen, the man of science is concerned essentially with 
what is, not with what appears to be, while with the artist quite 
the reverse is the case. And the method of science must usually 
be to isolate and to analyse the object of study, so as to discover 
what is proper to it and not to its surroundings ; while the artist, 
in order to produce the best results in his work, must always look 
upon nature as a whole, and the relation of one part to another, 
never upon the isolated elements of his composition in themselves. 
The methods of the study and laboratory must be excluded from 
the studio; isolation and abstraction are fatal to true artistic effect. 
The artist may — indeed, must^analyse natural appearances and 
impressions, but his analysis must not be that of the scientific 
observer — an analysis into separate minute details — it must be an 
analysis into essences, into broad and comprehensive features of 
light, shade, and colour. 

" I thought the sparrow's note from heaven, 
Singing at dawn on the alder bough ; 
I brought him home, in his nest, at even ; 
He sings the song, but it pleases not now, 
For I did not bring home the river and sky : — 
He sang to my ear, — they sang to my eye. 
The delicate shells lay on the shore ; 
The bubbles of the latest wave 
Fresh pearls to their enamel gave ; 
And the bellowing of the savage sea 
Greeted their safe escape to me. 
I wiped away the weeds and foam, 
I fetched my sea-bom treasures home ; 
But the poor, unsightly, noisome things 
Had left their beauty on the shore. 
With the sun, and the sand, and the wild uproar." 

[Emerson.^ 

If the effect of the infusion of more of science into the world of 
art should be to cause the methods and attitudes of mind of the 
study and the laboratory to enter too largely into the studio, it had 
better far be rejected ; but surely scientific truths can be used with- 
out being abused, and there is no danger, yet a while, of the 
artist becoming too much imbued with scientific knowledge or too 
prone to adopt the laboratory attitude of mind. 

Is there not a vastly greater danger before art in the tendency, 
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only too prevalent to-day, alike in literature and in painting, 
towards a fatsd dallying with subjects mean and low ? Is not tke 
claim of art for art's sake, and the pursuit of no higher aim than 
the display of a certain amount of cleverness in treatment, irre- 
spective of motive, in danger of degenerating, as Tennyson has 
indicated, into a love of ugliness for udiness' sake? Let us be 
thankful that the greatest artists are still on the side of truth 
and of the beauty which is embodied only in high and pure ideals. 
They still realise that their talents are given them to be used for 
the elevation and advancement of mankind, notwithstanding 
Whistler's declaration. One may, I think, be pardoned for pre- 
ferring Whistler's practice to his doctrine. 

"I even think," says Watts, "that in the future, and 
in stronger hands than mine, Art may yet speak, as great 
Poetry itself, with the solemn and majestic ring in which the 
Hebrew prophet; spoke to the Jews of old, demanding noble 
aspiration, condemning in the most trenchant manner prevalent 
vices, and warning in deep tones against lapses from morals and 
duties." 
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XIV. — Glasgow Cathedral: Notes from a Sketch of its History, 
£7 P. Macgbegob Chalmers, I. A., F.S.A.Scot. 



[Presidential Address to the Architectural Section, 15th November, 1897.] 



Fob many years I avoided the publication of material which I 
have for long been gathering relating to the Art and History of 
Glasgow Cathedral. Indeed, for a considerable time, and for 
a reason which seemed good to me, I laid the study aside, and 
devoted what leisure I had to the examination of other works in 
Scotland — relics of former days and of former craftsmen. These 
works had an interest for me, yet they lacked that strong personal 
interest which always pertains to a structure reared in one's 
native city which has been a centre of thought since boyhood. As 
might have been anticipated, however, the study of other build- 
ings constantly threw light upon our cathedral. Whilst the 
desire to put the result of my labours in connected form has grown 
upon me, recent circumstances have made it desirable that the 
following notes should now be published. 

There is probably no spot in Scotland so hallowed as is Glasgow 
from its association with the three greatest leaders in the effort to 
convert our countrymen to Christianity — St. Ninian, St. Columba, 
St. Mungo. These names are well known to us. It may be that 
our very familiarity with the names leads us to consider too 
seldom the greatness of the men. But his must have been a 
powerful and profound nature, and the work accomplished in 
those distant times must have been far beyond the ordinary 
efforts of men, when name and fame remain green amongst us after 
thirteen or fifteen centuries. Of all those with whom they 
associated, a few names only have come down to us; and yet, 
doubtless, if the race is to the strong, it was as hard then as ever 
it has been and is now. These three were of those — 

" Whom a thirst 
Ardent, unquenchable, fires, 
Not with the crowd to be spent, 
Not without aim to go round 
In an eddy of purposeless dust, 
Effort unmeaning and vain.^' 
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In the life of St. Mungo, written by Jocelin, a monk of Furness, 
it is recorded that the saint was miraculously brought '*to 
Cathures, which is now called Glasgow," and that he halted 
*' near a certain cemetery, which had long before been consecrated 
by St. Ninian."* Saint Ninian's presence here may not be doubted. 
His choice of a site for a new missionary enterprise was probably 
dictated by its close proximity to the local chieftain's stronghold. 
The chieftain's gift of a cemetery, which yet was not used until 
long after, points not only to the success of the mission, but 
illustrates how then, as in remoter and more modem times, 
" God's acre " is hallowed as the resting-place of the dead. 

It may be that when St. Mungo came the effect of St. Ninian's 
mission had, to a large extent, been dissipated. . Still the memory 
of his labours remained, and it is not impossible that the two 
brothers, Telleyr and'Anguen, with whom St. Mungo dwelt, were 
teachers, grown careless. St. Ninian's fame, however, does not 
specially rest upon his work at Glasgow. He laboured in Gallo- 
way, and somewhere about the beginning of the fifth century, and 
before the Roman occupation of Britain had come to an end, he 
erected a church in stone, after the Boman manner. It received 
the name of " Candida Casa," probably from the fact that the 
ruble stonework of which it was built was covered with a coating 
of hard cement of a white colour. This was a method of con- 
struction practised in early times, as may still be seen on the walls of 
the crypt in the church erected by St. Wilfrid at Hexham. Of St. 
Ninian's Candida Casa I believe it is possible that fragments 
remain to the present day in the foundations of what is known to 
have been a small tower, and in the low walls buried in the rough 
heap of loose stones and earth to the west of the ruins of Whithorn 
Cathedral. As St. Ninian was educated at Home, and as, on his 
way home, he visited St. Martin at Tours, and from him procured 
masons, who were to build a church for him on his return, it will 
be of interest to note what was the Roman model. The plan of 
such a church consisted of an oblong cell or nave, with a semi- 
circular apse at the east end and a porch at the west. The outer 
door to this porch was, as a rule, in its south wall, and the 
entrance to the nave was by a comparatively large open archway. 
The porch, in many cases, was reared as a western tower. This 
plan, we find, was adopted in the Romanesque Church of St. 

* Metcalfe's " Ancient Lives of Scottish Saints," p. 200* 
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Regulus at St. Andrews, erected, I believe, between the years 970 
and 995, and also at Restennet Priory. In England it is to be 
seen in the churches of Jarrow and Monkwearmouth in Durham. 
In each of these four churches — and there are others doubtless — 
the fabric was enlarged at a later time by the addition of a new 
nave to the west side of the original western tower. The west 
wall of the tower was then pierced by a new archway, after the 
pattern of that in the east wall. The appearance of such a 
church, in which we can trace the first step in the evolution of the 
transeptal form, is well illustrated on the seal of St. Andrews 
Cathedral, which shows St. Regulus' Church, and on the seal of 
Candida Casa itself, which gives, I believe, a view of St. Ninian's 
Church as thus enlarged.^ Although the practice is now to some 
extent in abeyance, in early and in mediaeval times the churches 
were built lying east and west, with the altar at the east end. 
There is a legend of Dunstan, Archbishop of Canterbury, which 
relates that, seeing a church on the wrong axis, he placed it 
properly by a push with his shoulder. 

St. Ninian died at Whithorn about the year 432, and was 
buried in his own church. The fame of the miraculous powers 
possessed by his relics spread over Europe. Pilgrimages to his 
shrine were only abandoned when prohibited and made punishable 
by an Act of Parliament in the year 1581. 

St. Columba, who was a contemporary of St. Mungo, was bom 
in Donegal, in the year 521. He received his education and 
he began his labours in Ireland under the influence of the Irish or 
Celtic Church, although he, doubtless, was brought into contact 
with the school of Candida Casa, since one of his teachers, St. 
Finnian of Moville, had studied there. St. Columba was excom- 
municated, and had to leave Ireland. The tragedy which led to 
this cast its shadow over the life of the saint, f He came with 
twelve disciples to lona, where he settled and built a monastery. 
The success of his mission was phenomenal, and soon his efforts 
and those of his disciples were extended far and wide, reaching 
into England and to the Continent. Hearing of the esteem in 
which St. Mungo was held, " he desired to approach, visit, and 
behold him, and to come into his closer intimacy." The meeting 
of these two men and their attendants at the place called *' Mel- 

* Macgregor Chalmers' "Saint Ninian's Caiidida Casa." 
t But see Skene's " Celtic Scotland," ii., 79. 
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lindenor'' is graphically told in the life of St. Mungo. Each 
party was divided into three bands. In the front were placed the 
juniors, next the more advanced in years, then with the saints 
there walked those who had grown old in good days. On St. 
Mungo's side they sang, "In the ways of the Lord how great is 
the glory of the Lord," " The way of the just is made straight 
and the path of the saints is prepared." On St. Columba's side 
they responded, with tuneful voice, "The saints shall go from 
strength to strength ; unto the God of gods every one of them 
shall appear in Zion."^ The saints passed some days together, and 
before they parted they exchanged staves, in testimony of their 
mutual love in Christ. The staff which was given by St. Columba 
to St. Mungo was preserved in the church of St. Wilfrid at Ripon 
as an object of veneration so late as the Keformation. 

The outline of St. Mungo*s life may be omitted here. No 
biography should be better known amongst us, since our city 
arms publish it every day. It is to St. Mungo that we owe our 
great cathedral, although no fragment remains to us of the 
structure which he erected. But we have still St. Mungo's well, 
which stood in his time doubtless on the east of his humble church, 
although it is now enclosed by the great fabric reared in later 
times. We can still identify the spot where tradition says the 
saint deposited the dead body of Fregus, which he brought with 
him at the first, that he might take possession of the land by a 
grave. Then we had, but no longer have, St. Mungo's bell, 
and gone, too, is St. Mungo's tree, a titled earned in distant 
days, probably, by the last relic of the grove at which he 
settled. 

It has been mentioned that no fragment of any structure of St. 
Mungo's time remains. What was erected, whether of wood or of 
stone, was doubtless in the manner of the Celtic Church, in which 
St. Mungo was educated, and of which he was so brilliant a 
disciple and apostle. The plan of the Celtic Church did not 
possess the individuality characteristic of the plan of the Koman 
Church as exhibited in the examples mentioned. 

The very simplicity of the Celtic plan, since iz consisted of an 
oblong chamber only, may perhaps indicate that the service in the 
Celtic Church was of the simplest character. There is one 
peculiarity, however, in the plan of these churches which has not 
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received the attention which it merits. The altar was placed at 
the east end of the church, but the orientation diifered by several 
degrees from that of the Roman Church, at least of later times. 
Perhaps the most striking example of this peculiarity is to be 
seen at the little church of St. Mary on the Crag, or Kirkheugh 
at St. Andrews, of which, unfortunately, little more remains than 
the foundation. This church, as finally planned, was cruciform, 
with an oblong chancel, a nave, and north and south transepts. 
The nave and transepts were set off exactly parallel to the lines 
of the great cathedral, and of St. Regulus' Church in its immediate 
neighbourhood. The chancel, however, lies at an angle to all 
the other buildings, the angle representing three degrees further 
north. The inevitable conclusion is, it seems to me, that this 
small chancel marks the site of the ancient Celtic Church 
associated with St. Raigail, Begulus, or Hule, who was with St. 
Columba, near Sligo, in the year 573. All who have studied 
Dunblane Cathedral must have been struck with the fact that the 
tall square tower is not in line with the cathedral. The angle of 
its direction, in relation to the other parts of the building, which 
are of much later date, represents three degrees further north. 
As this tower was never designed to be connected to any build- 
ing it may be considered as a late example, in a square form, of 
those independent round towers so closely identified with the 
Celtic Church. Its position to the south-west of what was doubt- 
less the site of the ancient church corresponds exactly with the 
position of the round tower at Brechin. Many other examples of 
this peculiarity in orientation might be noted at lona, Inchcolm, 
in the West Highlands, and in Ireland. The point merits more 
extended investigation.* 

Although there is no actual evidence, it may be assumed that 
St. Mungo's Church was in form and direction in the manner of 
the Celtic Church. Whilst neither the direction nor the form 
has had any influence on the plan of his successors of the thirteenth 
century, the site has been a dominant facior in the production of 
their general design, for it is in the highest degree probable that 
it is to the position of this early structure we owe one of the most 
interesting and beautiful features in our cathedral. There 
appears to me to be no reason in suggesting even the bare possi- 
bility, as has been done, that our cathedral was not reared on 
■ ■'- - — 

* Macgregor Chalmers' *' Saint Ninian's Candida Ca«a." 
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the site of St. Mungo's Church.* Following the recognised custom, 
St. Mungo was in the habit of erecting stone crosses at those 
places where he had won the people to Christ. Two such crosses 
are specially referred to in the life written by Jocelin at the end 
of the twelfth century as existing at that time, and possessing the 
power to work miracles. One was cut by quarriers from a block 
of stone of extraordinary size, and, by many men and the use of 
machines, was set up at Glasgow in the cemetery of the Church of 
the Holy Trinity, in which his episcopal chair is placed, t The 
site was easily identified. We have good reason to regret the 
destruction of this cross, and of much that belonged to those early 
times. St. Acca's Cross and the many others preserved in the 
library of Durham Cathedral; the beautiful collections in the 
museums at Newcastle and St. Andrews, and in the cathedral 
there ; the cross at Ruthwell, and many others throughout Scot- 
land-?— works of the utmost delicacy and beauty and of the 
greatest value— all indicate how great is our loss. 

St. Mungo died about the year 601. In his biography it is 
recorded that in the cemetery of his church 665 saints rest, and 
all the great men of that region have long been wont to be buried 
there. The faith had not died out completely, and St. Mungo's 
Church was known. 

From the time of St. Mungo's death to the founding of the see 
by the sainted Prince David in conformity with the church 
system so closely associated with the name of Saint Margaret, his 
mother, we plunge through centuries of darkness. So far as this 
district of Strathclyde is concerned, we learn only that, in the 
early part of the eighth century, Sedullius was bishop ; and we 
have it on the authority of Bede that the people were induced to 
change from the Celtic and to adopt the Catholic observance of 
Easter through the influence of Adamnan, Abbot of lona.J The 
Celtic Church met with a severe reverse towards the end of the 
seventh century. Through ignorance of changes which had been 
made by the Western Church, the Celtic Church retained the 

* Mr. John Honeyman has suggested that Govan might have been the 
right spot, since there are many early monuments in that churchyard. He 
made no attempt, however, to show that any of these monuments are of 
earlier date than the cathedral founded by King David. — Report Brit. 
Archae. Assoc. Congress at Glasgow, 1888, p. 14. 

t " Ancient Lives of the Scottish Saints,'* p. 269. 

X Bede's " Ecclesiastical History," B.V., c. 15. 
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ancient usage in some matters, such as the time of keeping Easter. 
This fact was first brought to the knowledge of both Churches in 
the year 590, when intercourse was renewed hj the arrival in 
Gaul of the Irish monk, Columbanus.^ In the seventh century 
earnest efforts were made to secure conformity. In the year 634, 
Pope Honorius wrote to the Scots — that is, the Irish — " earnestly 
exhorting them not to think their small number, placed in the 
utmost borders of the earth, wiser than all the ancient and modern 
churches of Christ throughout the world ; and not to celebrate a 
diflferent Easter. "t The matter was keenly fought. At the famous 
Synod of Whitby, in the year 664, the decision was against the 
Celtic Church. { It then lost its aggressive power. 

One of the first tasks undertaken by Prince David in connection 
with the new foundation at Glasgow was to place on record a list 
of all the possessions of the ancient Church. This record is known 
as ^* The Inquest of David," and it is still preserved. 

" He indeed (that is. Prince David), burning with zeal for holy 
living, pitying the wretchedness of the profane multitude,, moved 
by divine promptings, in order to wipe out their reproach by that 
pastoral care which too long they had lacked, by the aid of his 
Nobles and Clergy, skilled in counsel, chose as Bishop, John, a 
certain religious man who had educated him, and had vowed, not 
without eflfect, that his life should be devoted to God. But when 
the Bishop learned of the savage state of that unhappy people, and 
of the abominable multiplicity of their vices, as one greatly 
terrified he had arranged to set out for Jerusalem; yet being 
consecrated, although against his will, by Pope Paschal, he would 
by no means put off assuming the duty of the charge he had 
undertaken, and being readily accepted by the people and 
welcomed by the Prince and Nobles of the Kingdom, he spread 
abroad the Gospel throughout the Cumbrian diocese, the Holy 
Ghost abundantly assisting him." § A note of the property belong- 
ing to the Church is given at the end of the document. 

Bishop John, the first bishop, was consecrated in the year 1115, 
and the church he erected was consecrated in 1136.|| This church 
must have been constructed of stone ; it could not possibly have 

* Skene's "Celtic Scotland," ii., 6. 

t Bede's " Ecclesiastical History," B.II., c. 19. 

J Skene's " Celtic Scotland," i., 259. 

§ The Inquest of David, " Scots Lore," p. 38. Mr. J. T. T. Brown. 

II Regi. Epi. Glas., Pref., xx. 
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been of wood at this date, as is so frequently suggested, and its 
style of art must have been that known as Korman. Kot a 
single fragment of this structure is now yisible. It is natural to 
infer that the first work undertaken in connection with the 
erection of our great mediseval cathedrals was the preparation of 
a design of a completed structure. The necessity seems erer to 
have been present to the minds of the builders, howerer, to push 
forward the erection of the choir — the site of the high altar — so 
that divine worship might be offered up at the earliest moment. 
Careful examination of many examples shows that only in the 
rarest of cases was the erection of any other part than the choir 
undertaken at the outset. We cannot tell what was the nature 
of the work carried out by Bishop John. That it was the choir, 
and that only, may be held as certain. It may even have con- 
sisted of the centre aisle only of a small choir. The testimony of 
all the other fabrics of this date warrants the assumption that this 
choir terminated at the east end in a semi-circular apse. 

Bishop John was succeeded by Bishop Herbert in 1147. We 
do not know — there is no evidence in MS. or in stone — that this 
bishop ever made any addition to the building. On his death, 
Bishop Ingelram came to the see in 1164. It is to this bi3hop, 
and not to his successor, that I attribute the erection of the 
earliest portion of the present existing building.* What remains 
is a mere fragment, consisting of nothing more than a foot or two 
of bench table, a single shaft with its unfinished capital and its 
base, and a few stones of walling. Several loose stones, still pre- 
served in the chapter-house, have been part of the same work. 
This fragment of a building will be found at a spot a little more 
than 20 feet from the west end of the south aisle of the present 
lower church. There is no evidence to warrant the suggestion 
that the wall in which this pillar stands extended further south 
than the south face of the south wall of the existing structure. 
This fragment of wall is evidently a portion of the east wall of 
the original south aisle of the choir. The limit of the semi- 
circular apse of the centre aisle is then approximately indicated 
by the existing shrine of Saint Mungo. The position of this early 
wall shaft which is still preserved marks, I believe, one of the 
angles of an apsidal termination to this south aisle, but apsidal 
only in the vaulting. The value of this suggestion will be more 

* Mr. John Honeyman describes it as the work of Bishop Jocelin. Glas. 
Arch». Soc. Transactions, 17th March, 1881. 
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apparent if it is kept in view that the south wall of this earlj date 
may have been thinner than the present existing wall. 

In many structures the side aisles show an apsidal termination 
in the interior, whilst the square form is retained on the outside. 
The foundations of the ancient south aisle of the choir of Durham 
Cathedral, recently discovered, established the fact that it was 
designed on this plan.* 

It is a matter for sincere regret that only so small a fragment 
of this original work remains. But the plan, although it is thus 
slightly indicated, is exactly what ought to have been antici- 
pated — a short choir, with a semi-circular apse, and two very short 
aisles. The original builders never contemplated the magnificent 
shrine we now possess. It is important to note that in many 
particulars, and not least in that of size, this choir of Glasgow 
corresponds with the choir of Jedburgh Abbey, erected a few 
years earlier, and in Glasgow diocese. 

Was the original choir of Glasgow of two storeys, or of one 
only? I am not aware that this question has ever been asked 
before. Yet it may be asked, and the answer will be doubtful. 
It must be answered on more sufficient evidence than the mere 
existence of two storeys now. If the original plan of the small 
choir included a lower church or crypt, the plan which was in 
general use for such structures becomes of the most vital import- 
ance. I do not believe that the side aisles of this lower church, if of 
the present width, or nearly so, were mere passages leading to the 
centre aisle, which was the repository of the sacred relics of the 
saint. These relics were doubtless preserved at the point still 
indicated by Saint Mungo's shrine, which we must suppose was 
placed immediately under the high altar in the choir above. As, 
from its plan, it is improbable that there was any altar in the 
centre aisle, the side aisles would then be used as chapels, with 
an altar in each against the east wall, for the service of the faith- 
ful who came to venerate the sacred relics. One of the churches 
whose design throws considerable light upon this early work at 
Glasgow is that of St. Avit de Orleans.! Whether the original 
foundation was of two storeys or of one, the nature of the work 
undertaken by Bishop Ingelram's successor shows that a choir of 
two storeys, existing or in prospect, influenced his design. 

* Greenwell's " Durham Cathedral," 6th edition. 

t V. le Due's ** Dictionnaire Raisonne de 1' Architecture," iv., 449. 
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Bishop Ingelram died in the year 1174, and Bishop Jocelin 
succeeded. He was consecrated on the 1st June, 1175.* We owe 
the present nave to Bishop Jocelin, which he began as an 
addition to the existing choir, but, unfortunately, only so far as 
the general plan is concerned, and the erection of the lower part 
of the outer walls, including the outer base course, the interior 
wall bench, the bases of the small shafts on the north and south 
walls, the west responds of the two transepts, and the more 
adyanced north and south responds of the west wall. 

To all students of art it must ever remain a matter of regret 
that Bishop Jocelin did not complete the great structure which 
he commenced. Although the later builders have been content 
to follow his plan — and the early character of the plan is a 
striking feature still — the fabric of later date which we possess 
lacks the charm of the work of the earlier period. The great 
Abbey of Arbroath, founded by King William the Lion, is a con- 
temporary work, and there is much that is common in the two 
buildings. In both, the nave consists of eight bays, with two 
western towers in addition. One of the chief interests attaching 
to Bishop Jocelin's fragment of a projected nave, apart from the 
evidence of its date, is that the level of the floor is at a consider- 
able height above the level of the floor of the present lower 
church. We have in this fact clear evidence that by this date a 
choir of two storeys had been determined upon. 

Bishop Jocelin received a charter from King William the Lion 
in the year 1190, giving royal sanction to the collection of funds 
for the erection of the cathedral. In this charter reference is 
made to the recent destruction of the building by fire. We also 
know that the cathedral was again dedicated in the year 1197.t 
What is the evidence of the building 1 It is clear and distinct. 
Bishop Jocelin, after some years, perhaps, devoted to the con- 
struction of the nave, suddenly interrupted the work. The cause 
of this interruption we may now assume to have been the 
destruction referred to in the charter. As there was no completed 
nave, the part of the building destroyed was the already-existing 
choir. The bishop naturally turned his attention away from the 
work which could well be delayed, to the work of restoring the 
choir, which was necessary for divine service. It was this new 
work of restoration which was dedicated in 1197. It is expressly 

* Regi. Epi. Glas., Pref., xxiv. + Regi. Epi. Glas., Pref., xxv. 
Vol. XXIX. t 
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stated in the charter that the church was constructed anew. 
That is the testimony afforded bj the building, with this exception, 
that the bishop retained of the older work that most insignificant 
fragment, the old wall shaft already referred to. Bishop Jocelin's 
work at the very close of the twelfth century is now disclosed 
in that portion of the present south aisle of the lower church 
extending westward from the ancient wall shaft — which still 
marked the eastern limit of this south aisle — to and including 
the large piers at its western end. The south wall, with its outer 
base course, its interior bench table, the wall shafts, and the 
windows, are all of this period. Only a small portion of the north 
wall remains. Then the whole vaulting of this short aisle was 
executed at this time. It is important to observe that the wall 
shafts in the south wall, whilst of a later type than those in the 
nave, differ entirely from all the pillars or shafts in the later lower 
church, being of earlier date. The vaulting at this part springs 
at a level twelve inches higher than the rest of the vaulting in the 
lower church. It is to be noted also that the diagonal rib at the 
east end, which falls upon the capital of the more ancient wall 
shaft, falls upon it at haphazard, having no properly designed 
relation to it. I know that a great mystery has been made about 
what has been considered the almost miraculous preservation of 
this section of vaulting, the supposition being that no part of the 
walls under it are of the same date. The greater part of the walls 
and the vaulting are of the same date. They have never been 
disturbed. There is no mystery whatever.* But there is further 
evidence in this south aisle that works were executed there at the 
very end of the twelfth century. It has been asserted time and 
again that the carving on the capital of the ancient shaft in the 
east wall is of later date than the shaft itself. This is perfectly 
evident to all who are acquainted with Scots mediaeval art. It 
is a singular fact, however, that the question has never been pro- 
pounded — when was this carving executed? Yet once the 
question is put, the answer is not a matter of much difficulty. 
The carving is of the same date as this aisle now described ; it 
belongs to the period when what is known as Transitional art was 
merging into that of the thirteenth century. This can be illus- 



* Mr. John Honeyman erroneously supposes that the twelfth century 
aulting rests on walls " built not before the second quarter of the thir- 
teenth century." Glas. Archae. Soc. Transactions, 17th March, 1881. 



Mb. p. Macobegob Chalmbrs on Glasgow Cathedral. 291 

trated bj reference to any examples of this date — to the beautiful, 
late transitional eastern door of the cloister at Paisley Abbej, or 
to the carved capitals in Arbroath Abbey, which are so similar in 
design as almost to suggest that they "were carved by the same 
hand that wrought at Glasgow. That the carving of the capital 
of this pillar was delayed need cause no surprise. The carving on 
the base and shaft of the pillar in the centre of the vestry in 
the cathedral is still unfinished. 

During the course of some recent investigations I discovered 
the north wall of the north aisle of the choir erected by Bishop 
Jocelin.''^ The wall extends the same length as that on the 
south. Although a later building has been erected against this 
wall, to the north, the original splayed base is still in exist- 
ence. All doubt is now at an end as to the outline of the choir 
aisles of this period. There is no evidence to show whether or not 
Bishop Jocelin retained the original line of the central apse, or 
whether he enlarged the choir and finished it with a square end. 
At the end of the twelfth century the cathedral consisted of a 
restored choir, comprising a lower and an upper church, with a 
nave and transepts, of which only the lower parts of the walls 
had been built. 

Following the death of Bishop Jocelin in the year 1199, and 
before the coming of Bishop William de Bondington in 1233, 
there is an interesting period, the limit of one generation, which 
hitherto has been ignored. In Walter, who was chaplain to King 
William, and who was consecrated in 1208, Glasgow had a 
distinguished bishop. He occupied the see for twenty-four years. 
There is evidence that the building of the nave was again under- 
taken. The design of the piers of the main arcades is of this 
date. It is worthy of notice also that one of the most interest- 
ing and striking masons* marks found on the lower part of these 
piers is repeated on the piers in the lower church, executed some 
years later. 

It is not recorded that Bishop Jocelin's choir was accidentally 
destroyed. I believe, rather, that so much of it as was necessary 
was deliberately removed in order that the present great choir 
might be carried out — a work whose magnificence is at once not 
only an indication of the good taste of the bishop and of the skill 
of his great architect, but of the surprising wealth of the diocese. 

* Glas. Archse. Soc. Transactions, vol. iii., part i., p. 88. 
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The cult of St. Mango had been fostered to good purpose when 
such a work as this was possible. 

The choir is of five bays, with a structure added to the east end 
of more than ordinary interest. The loose manner in which 
names have been applied, and are still applied, to the seyeral 
portions of our cathedral, is surprising. This feature at the east 
end, east of the high altar, has been called the Lady Chapel, as 
if the Chapel of Our Lady, had there been one, could possibly be 
of this form.* Nor is it a retro choir, as has been suggested. It 
is a chapel of four altars, and it is present in both the lower and 
the great church. Contemporary with this work in Glasgow are 
the Chapels of the Nine Altars at Fountains Abbey and at Dur- 
ham Cathedral. A later work of the same character was erected 
at Hexham Abbey, although it has been removed within recent 
years. It is worthy of remark that at Glasgow and Durham the 
contemporary works were an eastern extension of an existing 
choir, and probably both works included the removal of a semi- 
circular apse. In both cases the site of a famous shrine contain*' 
ing the relics of a saint was retained in its original place, and 
specially distinguished; and as the ground at both buildings 
sloped down towards the east, advantage was taken of this circum* 
stance to lower the level of the floors in order to increase the 
apparent height of the structures. In Durham the Chapel of the 
Nine Altars is one of the greatest buildings of the mediaeval 
period. It is carried to the height of the central vault of the 
choir. In Glasgow, on the other hand, the height is restricted to 
the level of the vaulting of the side aisles. It is an interesting 
fact that the Bishop of Glasgow sent a contribution in aid of the 
great work at Durham. 

The present choir of Glasgow Cathedral was probably begun 
during the episcopate of William de Bondington — 1233-58 — and 
was completed about the end of the thirteenth century. As a, 
work of art it ranks as one of the finest in the country. 

Reference has already been made to a building which was 
erected to the north of the north aisle of the ancient choir. This 
building, of which only parts of the base course remain, was 
originally of two storeys in height. The evidence which is still 
available points to its having been erected in the thirteenth 
century. The opening from the lower church to the ground floor 

* Keport Brit, Archse. Assoc. Congress at Glasgow, 1888, p. 10. 



Mr. p. Macgregor Chalii£rs on Glasgow Cathedral. 293 

will be found cut through the ancient north wall. It is now 
roughly built up. The entrance to the upper floor was from the 
west bay of the north aisle of the choir. On the removal of this 
building some years ago, this doorway was carefully built up, but 
I have found sufficient evidence to make it clear that it was a 
doorway of considerable importance, and that probably it was 
richly ornamented. The greater part of the window in this 
western bay of the choir is modem. The low building to the 
north has been described as the Hall of the Yicars Choral.''^ 

That the lower church in the cathedral was purposely and 
most skilfully designed to be used for divine worship as a church 
is evident if regard is paid to the beautiful lines upon which it is 
planned. The design of the centre aisle has worthily received the 
praise of every student of art. Neither in the disposition of the 
pillars, nor in the wonders of its richly-moulded vaulting, is it 
excelled by any work of mediaeval times. The pillars have been 
disposed, in the flrst place, I believe, to allow a free passage of 
light from the aisle windows, and also to permit of the most 
extended view possible throughout the building. But it will be 
noti9ed, in addition, that the centre aisle is planned as three 
chapels. The one on the west and the one near the centre have a 
single pillar only, whilst that on the east is entirely free. This 
east chapel marks the site of the high altar in the great choir 
above. St. Mungo's shrine is beautifully indicated by the square 
formed by the four small pillars near the centre of this mid aisle. 
By this arrangement the designer marked the site of the high 
altar in the foundation of the time of Prince David, as that again 
doubtless marked the site of the altar in the little church erected 
by St. Mungo. Great interest was shown in preserving the 
sacred character of such spots. The eye of the great dome of St. 
Peter's at Kome looks down directly on the site of the altar of the 
ancient basilica, for ever vanished. The wonderful adaptability 
of this centre aisle at Glasgow is further illustrated if the western 
and centre chapels are combined, with the shrine of St. Mungo in 
the middle. In this way, with only two pillars intervening, a 
chapel is secured measuring about 70 feet by 30 feet. A careful 
examination of this lower church reveals that we owe it, in all the 
details of its plan and construction, to the designer of the whole 

* Archbishop Eyre's paper. Glas. Archse. Soc. Transactions, vol. iii.j 
parti., p. 77. 
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eastern arm of the cathedral. It is a homogeneous structure, 
completed in accordance with the original lines laid down.-» It is 
the most valuable art treasure we possess in Scotland, yet it is 
so darkened and obscured by the miserable painted windows that 
no part of it can be studied but by the aid of artificial light. It 
was designed and decorated, howerer, to be seen in a clear, full 
light. Sculpture has been employed with a lavish hand. The 
carvings of the capitals of the pillars, the carbels carrying the 
vaulting ribs, and the bosses at the intersections of the ribs, form 
a wonderful gallery of sculpture of almost endless interest. 
Special attention may be directed to the bosses in the vaulting of 
the north aisle and under the high altar. 

The carvings of the chapter-house door, at the north-east comer 
of the lower church, are also of great interest. On the western 
jamb there is a series of carvings which may symbolise "the 
perfection of the active life." It is unfortunate that decay has 
removed from the lower part all but the faintest suggestion of the 
human figure, and the symbolism is lost. The three upper panels, 
however, are nearly perfect. The figure at the top holds a book in 
the left hand, and the right hand is raised in the act of benedic- 
tion ; a nimbus surrounds the head. This may be " the apostle." 
The figure next in order is '* the bishop." He is mitred, and holds 
his crosier in his left hand, whilst his right hand is raised in bene- 
diction. The third figure, and the last to be clearly deciphered, 
probably illustrates ^' the doctor," as he is shown reading from a 
large book of the law open before him. The Scots mediseval 
architect who illustrated the seven ages of man on the west front 
of the rood screen which he erected for Archbishop Blacader 
may have owed the suggestion to these carvings on the chapter- 
house door.t Other works of the thirteenth century will be found 
in the lower parts of the chapter-house, the landings at the western 
entrances to the lower church, and in the walls and pillars of the 



* A statement of Mr. T. L. Watson's theory that the original design of 
the vaulting, for which all the necessary preparations had been made in 
the springer stones, was abandoned, and a new design substituted, will be 
found in the Transactions of the Philosophical Society ^ vol. xxvii. , p. 136. 
At a meeting of the Archaeological Society (April, 1897) I showed that 
this theory is without foundation. It is also condemned in the preface to 
the third volume of The Ecclesiastical Architecture of Scotland, recently 
pubhshed. 

t Macgregor Chalmers' " A Scots Mediaeval Architectj" p. 19; • 
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low building which projecis to the south of the south transept, 
and known as the " Isle of Car Fergus/' a structure which was 
designed originally as the lower storey of a greatly-extended 
transept.* 

Before passing from the lower church, reference may be made 
to some of the memorials of the dead which are still preserved. 
There are two sarcophagi at the west end of the lower church. 
These were originally sunk beneath the level of the floor, with 
only the stone lids exposed. Now they stand on the floor. The 
lid of one has been ornamented with a beautiful floriated cross of 
fourteenth century type, but this has now almost entirely dis- 
appeared. It is probable that a memorial brass adorned the other 
lid. A sculptured slab of the fifteenth century, which was 
recently found in the churchyard to the south of the nave, and 
the eflSgy lying at the east end of the lower church, complete the 
list of mediaeval memorials. It is almost certain that further 
discoveries will be made. There can be no doubt that there were 
relics in abundance. But in a rapidly-increasing centre like 
Glasgow, it is not surprising that early memorials have been lost 
sight of in making way for those of later times. In quiet spots, 
such as Govan was until recently, it is natm^al that many early 
sculptured stones should be preserved. The curious hog-backed 
stones there, the crosses, and the wonderful sarcophagus, are of 
great interest. If the sarcophagi at Glasgow are compared with 
that at Govan, it is natural to conclude that it enclosed relics 
peculiarly venerated. My scale drawings of this sarcophagus 
were published some years ago in the first volume of the Glasgow 
Regality Club. It is to be noted that many interesting relics of 
the past are still preserved at Inchinnan, although at Paisley, as 
in Glasgow, they have been overlaid or destroyed. 

The recent history of the effigy of a bishop, which now lies in 
the chapel of the four altars of the lower church, has a peculiar 
interest. When the cathedral was restored to some decency and 
order about fifty years ago, this effigy was removed from its 
present position, and was placed on the floor, within the four 
pillars which mark Saint Mungo's shrine. It was then christened 
" The effigy of Bishop Joceline." Thus was error added to error. 
The head of the effigy, which had been preserved until this time, 

* This has always been described by Mr. John Honeyman as a copy of 
13th century work executed at the begiiiniDg of the 16th century* Report 
Brit. Archee. Assoc. Congress, p. 12. 
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has now disappeared. This effigy was at one time the subject of 
discussion. No one, however, seems to have noted that the feet 
had been broken o£^ in order that the stone might be made to fit 
the space in which it lies. In this there was clear evidence to 
connect the ef^gy, in the end at least, with its present site. 
That a burial had actually taken place here is also clear, since 
the tomb was wantonly broken into some years ago, and the relics 
found there stolen. It was on no such ground that the effigy was 
returned to its place. It was returned, and a new name was 
given to it, by reason of a mere conjecture, founded upon a state- 
ment made by M*XJre, who wrote 400 years after the event to 
which he referred, and the source of whose information is still 
undetermined. His reference, at the time, might have been as 
wisely considered to apply to any part of the cathedral.* The 
history of this effigy has yet to be made known. 

There is perhaps no story of our cathedral which possesses 
greater interest than that related of Bishop Wischart and his 
bell tower. No document in connection with the cathedral is 
better known than that which records, in the year 1277, the 
granting of timber from Luss for the erection of a " campanile et 
thesav/ranria,^^^ Nor is any incident, perhaps, more characteristic 
of the patriotic bishop than that complained of by King Edward L 
of England, that timber which had been granted in the year 
1291 for the building of the bell tower (clocher) to the cathedral 
had been used by him in constructing engines of war against the 
king's castles, and especially the castle of ^' Kirkintolach.'' j: The 
tower of the cathedral was wrecked at the beginning of the 
fifteenth century, and an early effort was made to restore it. § As 
the parapet of the present central tower bears the arms of Bishop 
Lauder, who was bishop early in the fifteenth century, it has been 
assumed that the bell tower, which was in process of erection at 
the end of the thirteenth century, and which was destroyed, was 
this central tower. Following from this assumption, in seemingly 
the most natural order, the nave has always been described as 
having been completed in the thirteenth century. || 

* John Honeyman's ** The Age of Glasgow Cathedral," p* 18. 
+ Reg. Epi. Glas., No. 229, pp. 191, 192. 
X Reg. Epi. Glas., Pref., xxxvi. 
§ Reg. Epi. Glas., Pref., xl. 

II John Honeymani Report Brit. Archas. Assoc. CoDgress, Glasgow, 
1888, p. 12. 
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As there is no eyidence of any destruction and repair at the 
crossing under the central tower, I was led to search for 
evidence which might, perhaps, connect these records of a 
tower with the north-western tower, unfortunately destroyed 
about 50 years ago. According to the records, two buildings 
were in process of erection at the end of the thirteenth 
century — a bell tower and a treasury. Two buildings bearing 
those very names existed at the west front of the nare until 
50 years ago. The building at the north-west corner was the 
bell tower. All the drawings of these structures show that, 
in their lower stages, they were of thirteenth century workman- 
ship, and the evidence that work of this date was executed at 
this point is still, happily, present in the great western doorway. 
The drawings of the bell tower show that it was built in two 
different styles — the evidence of different dates. The lower part — 
about one-third of the height — ^had deep projecting buttresses. The 
upper part was square and plain. There was a stone vault in the 
interior at the level of the junction of these two sections of work. 
The moulded ribs, where they^ sprang from the four angles of the 
tower, were supported on corbels carved with human figures. 
By the rarest good fortune, three of those four corbels are now 
preserved in the chapter-house. They are of early fifteenth century 
design. A detached north-western tower, erected at the end of 
the thirteenth century, has no direct bearing on the date of the 
nave. The evidence on that point must be found within the nave 
itself. 

It has been no part of my present purpose to give a complete 
sketch of the history of the cathedral That is a great task. 
The moment has appeared to me as opportune for creating a 
fresher interest in the building by throwing what I believe to be 
a clearer light upon several points which have been darkened by 
the opinions at present held and expressed. The truth will be 
found to be that which is most practical, and most in accordance 
with the orderly action of the human mind, and, let me add, the 
most fascinating, since it will vibrate with the touch of human 
emotion. 



298 Philosophical Society of Glasgow, 



XV. — Observations on the A erial Transmission of the Enteric Fever 
Poison, with a Record of an Outbreak presumably caused by 
that means of infection. By John Bbownlee, M.A., M.D., 
D.P.H., Pupil Assistant, Glasgow Sanitary Office. 



[Read before the Society, 6th April, 1898.] 



Thebb are few problems which have so often seemed near solu- 
tion, but of which the solution has been found on examination to 
be incomplete, as the nature of the means by which enteric ferer 
is spread. The research has been carried on by two different 
methods, roughly divided into two periods by the year 1880, 
which marks the discovery of the bacillus by Eberth. Before 
that date the investigation was confined to the observation of the 
conditions and circumstances under which enteric fever arose, 
spread, and diminished, and there was a general consensus of 
opinion that the presence of putrefying filth, which infected 
either directly or by means of the pollution of water or milk, was 
essential to its production. But opinions were divided as to 
whether filth of itself could acquire the specific property which 
engendered the disease, or whether the addition of some definite 
infective material was necessary to render it dangerous. All this 
now is but the echo of the famous controversy on spontaneous 
generation. This doubt was finally, though not immediately, 
set at rest by the discovery of the enteric bacillus. But the new 
discovery brought new difficulties. Laboratory experiment 
decided the life of the organism to be precarious, that there could 
be no doubt that it might live in water for a short time, say, 
about a fortnight, but that it speedily disappears, and does not 
multiply; that mixed with other organisms it quickly perishes in 
the race for existence. It was supposed that it could not be re» 
covered from infected soil, nor even from the sewage of a fever 
hospital, into the drains of which the discharges of enteric fever 
patients had been thrown without disinfection. In fact, the 
result of all the experiments seemed to show that it was a wonder 
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that the bacillus had not long since disappeared from the earth. 
Within the last two years the great facts, which were the basis 
of the former theories, hare recurred so often and made them- 
selyes so prominent, that reinvestigations of the characteristics of 
the micro-organism have been made under a new variety of con- 
ditions. These experiments have been rendered much more easy 
by the discovery of new means of isolating and identifying the 
organism. 

To begin with, I shall give a brief account of what has been 
done by the various observers, and thereafter discuss the general 
state of knowledge of the subject at the present time. 

It has been found, in the £rst place, that if ordinary arable 
land be infected with the bacillus, the latter can show a prolonged 
vitality. Dr. Robertson,* Medical Officer of Health for Sheffield, 
has recently published an account of some interesting experi- 
ments begun in July, 1895. He had the turf carefully removed 
from the surface of several patches of an ordinary grass £eld. 
These patches of ground were watered with broth cultures of the 
enteric bacillus diluted in water, in one on the surface, in another 
at nine inches depth, and in a third at 18 inches depth. In the 
latter cases the soil was £rst removed to the depth mentioned in 
the order of its stratification, and then carefully replaced. 
During the autumn, 130 days later, he found on examina- 
tion, not only that the bacilli which were sown on the surface 
had multiplied, but even that those which were sown 18 
inches beneath the surface had so proliferated that the bacillus 
could now be found in the surface layer of the soil. Again, 
he found during the cold months of winter that from these 
and other patches of ground which had been similarly treated 
in the autumn no enteric bacilli were recoverable. During 
the spring some of the patches were watered with very dilute 
sterile broth, to imitate in a measure the continuous contami- 
nation of the soil which may be supposed to take place in 
certain localities by sewage. It was found that from those which 
were so treated the bacillus could in June be recovered with ease, 
but none at all could be obtained from the patches which were 
not so treated with dilute broth. It would thus seem that, 
though apparently absent in the cold of winter, the bacilli might 
be nursed back in the warmer weather to an active existence if 

i,,,,^,i , , 

* British Medical Journal, January 8, 1898; 



SOO Philosophical Society of Glasgow 

the means of subsistence were supplied. It would hare added 
interest to the experiment if those patches of soil in which the 
bacilli were not detected in June had then been watered with 
broth, as the others were, to discover whether, even after that 
longer interval of time, a further growth of the bacilli could have 
then been induced. 

In association with these must be narrated the experiments 
of Dr. Sidney Martin.* In those, however, the natural con- 
ditions were not imitated so closely as in those of Dr. 
Robertson, and they are therefore not so conclusive. Dr. 
Martin obtained numerous specimens of soil, some from 
sources grossly polluted, contaminated with organic matter from 
localities in which enteric fever was endemic. Besides these he 
procured specimens of virgin soil from the downs of Hampshire. 
These were chosen from the deeper layers which underlie the 
surface peat, and consist of a mixture of sand and completely 
decayed vegetable matter. Part of each of these samples was 
pulverised, placed in an Erlanmayer's flask, moistened, and then 
sterilised. It was found that the growth of the bacillus was 
rapid and luxuriant in the polluted earth, especially at higher 
temperatures, 90* to 100* Fahr., and though much slower at the 
temperature of the room, that even then it took place. In these 
flasks the 'bacilli were still active after the lapse of 105 days, the 
duration of the experiment at the time the results were published. 
With regard to the virgin earth a much different result appeared. 
Not only did proliferation not take place, but even after a time 
the living bacillus could not be obtained at all. It seemed com* 
pletely killed out. 

It would seem, then, that these two observers agree in their 
opinion that, given suitable conditions, the bacilli of enteric fever 
may retain its vitality in the soil for a lengthened period. But 
what are those suitable conditions ? Sewage as a suitable medium 
for the growth of the bacillus had been set aside by former 
observers, and a repetition of the experiments on this point by 
Dr Klein t resulted in their confirmation. But this observer, in 
view of the changes which occur in the natural purification of 
sewage, of which the most notable is the formation of nitrates by 
oxidation, tried whether the artificial addition of these salts to 

c^mde sewage would produce a more suitable medium^ He 

■ ■ •* ■ 

* Local Government Board Reports, 1896-97. 
t Local Government Board Reports, 1894-95. 
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discoyered that the bacillus does not die out rapidly, as was 
obserred in former experiments, but grows luxuriantly, the addi- 
tion of nitrates conyerting the sewage from an unsuitable 
medium into one yery fayourable to their growth. 

In another series of experiments he found that if the bacillus 
were added to certain of the London drinking waters it could be 
found after the lapse of fiye to eight weeks, and in certain lake 
waters eyen longer. This is a much longer period than had been 
thought of. Frankland found that in Loch Katrine water, which 
was apparently exceptionally fayourable, the duration of life was 
but 25 days. The results of these experiments apparently show 
that, while the pollution of water directly by sewage might not 
be of serious moment for more than a short time, yet if the 
character of the medium interyening between the source of 
pollution and the point at which the water is taken for use be of 
such a nature as will admit of the ready formation of nitrates, on 
which the growth of the bacillus seems largely to depend, then 
the specific contamination may continue for a lengthened period 
of time. 

There are other points, howeyer, in the condition of its life. 
Some media which are unsuitable for the growth of the enteric 
bacilli can be made suitable by the action of other micro- 
organisms ; for instance, as has been noticed already, the action of 
the nitrifying bacilli make sewage a suitable medium. Pure 
gelatine is not a suitable culture medium, yet in some experi- 
ments made by myself it was found that if liquefied by certain 
other micro-organisms the resulting fluid was most suitable. 
This, howeyer, was not a constant result with different species of 
liquefying organisms. In a few other experiments, made with a 
yiew to ascertaining where the typhoid bacillus can maintain 
itself under natural conditions, seyeral specimens of soil were 
chosen. These consisted of peat which had overgrown a rocky 
patch in an open moor, and beyond suspicion of contamination by 
manure and sewage, decayed leaves from a wood, and the detritus 
from the face of a weathered trap rock. These samples of earth 
matter were extracted with water. The resulting fluids were 
placed in tubes and sterilised in the usual manner, and then 
inoculated with the enteric bacillus. It was found that in the 
extracts from the peat and the leaves the bacilli had disappeared 
after ten days, while they grew abundantly in the extract pre- 
pared from the weathered rock. This result was probably due 
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to the fact that the detritus was gathered from a locality which 
was exposed, to a slight extent, to surface water from a manured 
field. The medium composed of decayed yegetable matter only 
did not afford anything like so suitable a medium as that con- 
taminated by even a trace of animal organic matter. 

I have already referred to the spread of enteric fever by 
polluted water or milk, but there is in siddition another possible 
means of infection — namely, the aerial dispersion of the 
organisms. The most natural means, the dispersion of soil, is in 
the form of dust, when it is easily carried about by the wind. 
It is well known that the bacillus of enteric fever does not 
readily survive complete desiccation. The limit of ,the duration 
of its life in this state, Fltigge, from his own experiments, in 
which the bacilli were dried in thin layers, has given at Rye to 
fifteen days. By Germane,* in a paper published last August, 
no certain limit is given, as in his opinion this limit depends on 
the amount of drying to which the bacilli are subjected. Half 
dried they lived for some months, wholly dried for but a short 
time. He found that on garments of wool the infection lingered 
longer than on those of cotton, a fact which he explains by the 
greater power the former has of retaining moisture. Now, 
ordinary soils possess the property of retaining in their inter- 
stices a certain proportion of moisture, and do not yield this to 
the ordinary natural means of drying, such as currents of air. 
In a few experiments made by myself in this connection, ordinary 
potting soil was placed in a porcelain dish, and thoroughly dried 
in a hot air steriliser. It was further subjected to continuous 
dry heat long enough to kill any micro-organisms present. This 
soil was then moistened with a broth culture of the enteric 
bacillus. By this means it was practically assured that the 
minute passages of the soil, filled by the action of capillarity 
with the broth, would at the same time be mechanically charged 
with enteric bacilli to the extent that where there was moisture 
there would also be the micro-organisms. This porcelain dish 
was then covered with a glass lid, the whole kept at 98° F. for 
24 hours, after which the cover was removed and spontaneous 
evaporation allowed to take place. In the course of a week this 
soil had become dry enough to be easily scattered by the breath. 
It had become, in fact, dust such as can be readily blown about 

* Zeitschrift fur Hygitnt, XXIV., 3. 
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by the wind. As it might be assumed with certainty that the 
soil with which the. experiment was conducted had become con- 
taminated by micro-organisms derived from the surrounding air, 
it was now saturated with meat broth, to which a little carbolic 
acid had been added, the presence of the latter restricting the 
growth of those other micro-organisms while allowing the free 
growth of the enteric bacillus. Plates of Eisner's potato 
gelatine were made from the earth so treated, and a bacillus 
recovered which agreed in its more important characteristics, 
microscopical and others, with the enteric bacillus. A similar 
experiment was made with unsterilised soil, but the colonies 
of the bacillus eoli communis were so numerous that it was 
found impossible to separate the enteric bacillus from these, 
owing to the close resemblance in character of the two organ- 
isms. This experiment was undertaken solely with a view to 
decide whether the aerial transmission of the bacillus be 
possible, and was consequently carried out under conditions 
which favoured that micro-organism as much as possible. The 
fact that an active bacillus was recovered after almost com- 
plete drying, when the soil was in a condition capable of being 
carried about by the wind, indicates at least the possibility of 
aerial transmission. The extent to which this takes place can 
only be decided by an appeal to natural processes and not in the 
laboratory. 

Having thus briefly explained the present state of experimental 
knowledge regarding the enteric bacillus, before passing to an 
account of the outbreak, of which the present paper is a record, I 
would wish to make a few remarks concerning the conditions 
under which the enteric microbe conducts itself in nature's 
laboratory, or in other words, the manner in which enteric fever 
rises, spreads, and disappears. A seasonal undulation has been 
found to exist showing a maximum and minimum range. Kot 
only in endemic prevalence of this fever, but also in the occur- 
rence of the epidemic form of the disease, due to pollution of 
water and milk, this is well marked. Of 200 water-bom epidemics 
of enteric described by Mr. Hart, 40 per cent, began in the 
months of July, August, or September. This, however, is of 
interest only as a rough approximation. But if we consider the 
more accurate means of information provided by the number of 
notifications per month in different centres of population, more 
definite results may be arrived at. It is found, for example, that 
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in Glasgow the second and third weeks of August may be counted 
upon to produce from 80 to 100 new eases of enteric fever. This 
rate increases through the whole of September, and then begins 
to decline. But the decline is much slower than the rise. If the 
winter be mild, the minimum may not be reached till the begin- 
ning of April of the following year. On the other hand, with a 
cold and frosty winter it may be reached by the end of January. 
Further, a cold spring and summer may delay the onset of the 
fever till a later period in the autumn. In London, on the other 
hand, where the summer is warmer and the winter colder, we 
have a somewhat different state of affairs. The numbers by 
notification begin to increase earlier in the year (July), and con- 
tinue to increase till the month of October, after which the fall 
is rapid. The colder winter seems to ensure that the spring 
will be free from the disease, both absolutely and also relatively 
to Glasgow. In India, in the province of Bengal, we find enteric 
fever most prevalent during the hottest season of the year (May, 
June, and July). From these facts it would seem that the viru- 
lence of the organism producing the fever is cumulative, or, in 
other words, is built up gradually. This maximum of virulence, 
once reached, is apparently retained for a considerable period, and 
diminishes slowly. It may be destroyed by cold, as is indicated 
by Dr. Robertson's experiments before referred to. It may, in 
the absence of severe cold, last even through the winter, but the 
decrease once initiated is arrested only after a considerable time, 
even although the surroundings appear favourable. Conditions 
favourable to the organism may, however, exist even in winter, 
resulting in great epidemics. If the bacillus exist in filth, 
especially under snow, a sudden thaw and flood washing the filth 
into a water supply may cause a deadly epidemic. Organic filth 
is a fermentable substance, and can maintain a comparatively 
high temperature for a considerable time after that of its surround- 
ings has fallen even below freezing point. A non-conductor such 
as snow would probably favour this, and a condition is thus pro- 
duced which may be presumed to aid the growth of the bacillus. 
It was under such a condition the great epidemic in the Tees 
valley, in Darlington and Middlesborough, in the winter of 
1890-91, and also the recent outbreak at King's Lynn, took 
place. In both cases much accumulated filth was washed into the 
sources of drinking water by heavy floods, and in both an epidemic 
was produced at a season of the year at which it is not usually 
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looked for. It might be argued, however, that a disease which 
is due to infection of the digestive track may have an early 
autumnal seasonal prevalence from causes other than the more 
potent properties of the bacillus. This season also coincides with 
a large increase in diarrhoeal disorders from the dietetic changes 
corresponding to it. But the fact that food epidemics, ^uch as 
those due to pollution of milk, spread with equal virulence, 
whether they occur in winter, spring, or autumn (the most severe 
of such epidemics in Glasgow was at the end of April), shows 
that it is the bacillus which requires for its potency a favourable 
environment, and, that granted such, there is no need for its host 
to be enervated by summer heat or predisposed by seasonal 
unsuitability of food. 

From the fact already stated, that the virulence of the enteric 
bacillus is so slowly lost, we are led to infer what is a matter of 
general experience, that an epidemic of typhoid fever in a filthy 
locality, albeit sudden in onset, has a slow wane. The typhoid 
bacillus having found a resting place, has, it is true, a number to 
its days if suitable nourishment be not supplied to it, but it, un- 
fortunately, only too often happens that the same carelessness 
which gives it a foothold also affords it a continual supply of 
nourishment. As an instance of this longevity of the bacillus 
may be mentioned a curious incident in an epidemic at Coalville, 
Packington, in Leicestershire. One well which had been instru- 
mental in the spread of the disease was reopened thirteen weeks 
after it had been closed. The locking up of this well was 
followed by an immediate cessation of new cases, while the re- 
opening of the well was followed by a fresh outbreak. 

Further evidence, pointing in the same direction, is given by 
Dr. Child,* in a paper dealing with the history of enteric fever 
in Munich. This city, which is now almost ideally free from the 
fever, was formerly one of the plague spots in Europe. Of every 
100,000 of its inhabitants, between 200 and 300 died every year 
from typhoid fever. This number of deaths probably represents 
ten times the number of cases, for in towns where the fever is 
endemic the victims are largely children, and the mortality con- 
sequently low. The conditions which favoured this prevalence 
in Munich were the following : — 

The city is built upon a mixed surface soil, beneath which is a 

* " Transactions of the Epidemiological Society," 1897-98. 
Vol. XXIX. u 
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bed of gravel of varying depths, which in its turn rests on a bed 
of impervious marl. Through this gravel bed filters a coxistant 
horizontal stream of water, which flows parallel to the river Iser 
and beneath the city. This underground water was conveniently 
used both to get rid of the sewage and also as the source of the 
water 43upply. Cesspools which were loosely constructed received 
the drainage; the water for domestic use was obtained from 
shallow wells. The slaughter-houses, of which there were a great 
number in the city at one time, had no other drainage. The 
more fluid refuse from these was likewise constantly allowed to 
pollute this source of water supply. Improvements were 
gradually introduced. The cesspools were rendered water-tight, 
and this alone was followed by a decrease in the enteric death- 
rate. A better water supply was introduced; and lastly, the 
slaughter-houses were all abolished in the year 1878. This last act 
was followed by a great and noticeable decrease in the number of 
deaths from enteric fever. This sudden improvement is rendered 
more interesting when we remember that serum albumen, such 
as must have constituted a fair proportion of the soakage from 
the slaughter-houses, is one of the most suitable nourishing media 
for many disease-producing organisms. The -general conclusions 
arrived at by Dr. Child are as follows: — (1) The drinking water 
has not played an important part in producing and reducing the 
typhoid epidemics of Munich. (2) The great prevalence of 
typhoid in Munich was due to the great pollution of the soil (in- 
cluding specific pollution), modified by certain unknown condi- 
tions in the soil which are correlated with the movements of the 
subsoil water. (3) The gradual reduction of the typhoid was due 
to the gradual purification of the soil, and the almost abrupt 
termination of the epidemics to the sudden removal of all the 
slaughter-houses. He further suggests that the character of the 
soil may be a very important factor in the production of an 
epidemic. 

The conclusion that the drinking water, under certain circum* 
stances, has little to do with the endemic nature of the fever has 
a great interest. Much the* same conclusion has been arrived at 
by Dr. Bulstrode^ regarding the prevalence of enteric fever in 
Chichester, which has geological conditions almost exactly the 
same as those of Munich, and which had a like regard for con- 

* Local Government Board Reports, 1896-97. 
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yenience and disregard for sanitation. In both these towns the 
ferer seems to have attacked about equally those who drank pure 
and impure water. Of course, we must very much hesitate to 
accept this conclusion without question, for from the inter-asso- 
ciation of people there is naturally a great deal of difficulty in 
absolutely deciding that a given individual has not drunk the 
contaminated water. 

But even with an irreproachable water supply, contaminated 
soil alone may give rise to the continued presence of enteric 
fever. In the burgh of Rutherglen,* for instance, for a number 
of years, in the older part of the town, there has been a notable 
disregard for modem sanitation, no water closets, untrapped sinks, 
ashpits below the level of soil, with drop privies, and unpaved 
back courts being the rule. Yet, notwithstanding, there was no 
undue prevalence of enteric fever prior to the year 1894. During 
the autumn of that year a dairy in the district became a centre 
of infection, and certain of these streets in this part of the town 
were invaded. Since then enteric fever has been constantly 
present 

During 1895 the attack rate in this part of the town was 
ten times, during 1896 three times, and during 1897 four times 
that of the rest of the burgh. Specific soil pollution seems the 
only probable source of the infection. For it is to be noted that 
other streets, dififering in no respect from these in point of sanita- 
tion except as regarding the absence of primary infection, have 
not been so attacked.! 

The conditions for continuous soil pollution are here seen at 
their best. For as enteric fever is a disease of gradual onset, 
there is little doubt that each new case as it occurs will lead to 
the deposition of infected matter in the ashpits, which ceases 
only when the illness has become severe enough to demand 

* For the information here given I am indebted to the kindness of Dr. 
Buchanan, Medical Officer of Health to the burgh. 

t As a further evidence of the manner in which polluted soil may spread 
infection, there is here mentioned a series of cases which occurred in a 
single tenement of houses in Glasgow. Of this tenement the sole water 
supply is that of the City of Glasgow, viz., from Loch Katrine. The con- 
dition of this tenement was, as regards sanitary matters, very unsatisfac- 
tory, the drains especially being very defective ; yet no cases of enteric 
fever had occurred there for a number of years until one was imported in 
September, 1893. Of the subsequent cases no two occurred in the same 
house. This fact, and the distance of time between the successive cases, 
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medical attendance. The refuse from these ashpits is first 
emptied out into the street and thence removed. This method of 
removal produces fouling of the street; a certain amount of refuse, 
being left behind, is converted into dust and scattered about by 
the wind. We have but to look upon a basin of milk which has 
stood uncovered for a single night to see how much dust is 
deposited from the atmosphere, and if that dust be specifically 
polluted, there is no end to the vicious circle which keeps up both 
the supply of the poison and its distribution. That this is not 
purely theoretical is seen from the fact that Professor Delepine,* 
of Manchester, has obtained the enteric bacillus from the soil 
lying between the bricks forming the floor of an ashpit. In this 
case the contamination had taken place at least two months 
previously, and probably as far back as thirteen months. Either 
period, however, allows sufficient margin for the spread of the 
fever by the means under discussion. 

The following series of cases which occurred in the City of 
Glasgow Fever Hospital, Kennedy Street, will furnish a clear 
example of the manner in which soil may be the means of aiding 
the spread of the fever. This hospital consists, as may be seen 
from the diagram, of seven pavilions of two wards eaoh. The 
three northern pavilions, with the nurses' home, are new, and 
have a separate drainage system which discharges into North 
Oswald Street, while the drains of the southern wards, together 
with those of the kitchens and administration block, discharge 
into the main sewer in Kennedy Street. The ramifications of the 
drains will be appreciated more easily by a glance at the plan 



would seem to show that the infection was indirect — i.e., from the soil, and 
not from patient to patient. 

Table of Sequence of Events. 

Imported case removed to Hospital, - - 2l8t Sept., 1893. 

Subsequent case (1) removed to Hospital, - 23rd Oct., 1893. 

(2) „ „ - 13th Mar., 1894. 

(3) „ „ - 7th July, 1894. 

(4) „ „ - 1st Aug., 1894. 
Repairs of the drains completed, - - - 28th Jan., 1895. 
Subsequent case (5) removed to Hospital, - 20th Mar., 1896. 

(6) „ „ - 12th Sept., 1895. 

(7) „ „ - 1st Nov., 1896. 

(8) „ „ - 22nd Jan., 1896. 






>> >> 

>> >> 

>> >> 



Till present date, April, 1898, no further cases have occurred. 

* Public Health, February, 1898. 
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than by any description. The whole drainage system of the 
northern wards was constructed about four years ago, and when 
tested after the outbreak was found in ahnost perfect order. 
With regard to that of the southern and older wards, it may be 
stated that when the hospital was re-opened a few years ago it 
was thought sufficient to renew the fittings in more immediate 
connection with the wards alone. The water closets, baths, 
traps, and ventilating shafts were renewed, but it was not 
thought necessary to relay the deeper part of the drainage 
system, it being considered at the time that the necessity for the 
hospital would be but temporary. 

Owing to the absence of a grease trap the main effiuent drain 
from the southern wards became gradually choked, till ultimately 
no flow of sewage was possible along the pipes. Under the 
resulting pressure the lutings of the pipes gave way and free 
leakage ensued. As a result, subsidence of the soil, which was 
of a porous nature, occurred, so that intermittent saturation of 
the subsoil with sewage was possible. The porosity of this sub- 
soil, which was composed largely of furnace ashes, cinders, 
pottery rubbish, &c., while undoubtedly of great advantage in 
affording special facilities for natural purification, yet, according 
to the paper by Dr. Klein already referred to, would seem in this 
case to have rendered possible a prolonged existence of the enteric 
bacillus. The defects of the drains were discovered early in 
April, and their reconstruction was immediately entered upon. 
In the ordinary course of events this would probably not have 
had any serious effect, but in this instance several enteric patients 
had been. inmates of the hospital, and their discharges were 
passed into the defective drains. These patients had been 
certified as scarlatina, but on admission no evidence of this 
disease could be discovered, and further observation showed them 
to be suffering from enteric fever. The first, a child of three, 
was admitted on December 31st, 1896, and by the time the 
nature of the case was sufficiently defined she was too ill to re- 
move to Belvidere. This child was convalescent by the end of 
January. The second was a girl of fourteen years of age, who 
was admitted on January 12th, 1897, and transferred to Belvi- 
dere on January Hth, -v^hile the third took ill on February 19th, 
was recognised as enteric fever on February 26th, and transferred 
next day. Thus from December 31st till February 27th there 
was a more or less constant stream of infected dejecta passing 
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bed of gravel of varying depths, which in its turn rests on a bed 
of impervious marl. Through this gravel bed filters a constant 
horizontal stream of water, which flows parallel to the river Iser 
and beneath the city. This underground water was conveniently 
used both to get rid of the sewage and also as the source of the 
water 43upply. Cesspools which were loosely constructed received 
the drainage; the water for domestic use was obtained from 
shallow wells. The slaughter-houses, of which there were a great 
number in the city at one time, had no other drainage. The 
more fluid refuse from these was likewise constantly allowed to 
pollute this source of water supply. Improvements were 
gradually introduced. The cesspools were rendered water-tight, 
and this alone was followed by a decrease in the enteric death- 
rate. A better water supply was introduced; and lastly, the 
slaughter-houses were all abolished in the year 1878. This last act 
was followed by a great and noticeable decrease in the number of 
deaths from enteric fever. This sudden improvement is rendered 
more interesting when we remember that serum albumen^ such 
as must have constituted a fair proportion of the soakage from 
the slaughter-houses, is one of the most suitable nourishing media 
for many disease-producing organisms. The general conclusions 
arrived at by Dr. Child are as follows: — (1) The drinking water 
has not played an important part in producing and reducing the 
typhoid epidemics of Munich. (2) The great prevalence of 
typhoid in Munich was due to the great pollution of the soil (in- 
cluding specific pollution), modified by certain unknown condi- 
tions in the soil which are correlated with the movements of the 
subsoil water. (3) The gradual reduction of the typhoid was due 
to the gradual purification of the soil, and the almost abrupt 
termination of the epidemics to the sudden removal of all the 
slaughter-houses. He further suggests that the character of the 
soil may be a very important factor in the production of an 
epidemic. 

The conclusion that the drinking water, under certain circum- 
stances, has little to do with the endemic nature of the fever has 
a s^reat interest. Much the* same conclusion has been arrived at 
by Dr. Bulstrode* regarding the prevalence of enteric fever in 
Chichester, which has geological conditions almost exactly the 
same as those of Munich, and which had a like regard for con- 

* Local Government Board Reports, 1896-97* 
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yenience and disregard for sanitation. In both these towns the 
fever seems to have attacked about equally those who drank pure 
and impure water. Of course, we must very much hesitate to 
accept this conclusion without question, for from the inter-asso- 
ciation of people there is naturally a great deal of difficulty in 
absolutely deciding that a given individual has not drunk the 
contaminated water. 

But even with an irreproachable water supply, contaminated 
soil alone may give rise to the continued presence of enteric 
fever. In the burgh of Rutherglen,* for instance, for a number 
of years, in the older part of the town, there has been a notable 
disregard for modem sanitatioh, no water closets, untrapped sinks, 
ashpits below the level of soil, with drop privies, and unpaved 
back courts being the rule. Yet, notwithstanding, there was no 
undue prevalence of enteric fever prior to the year 1894. During 
the autumn of that year a dairy in the district became a centre 
of infection, and certain of these streets in this part of the town 
were invaded. Since then enteric fever has been constantly 
present 

During 1895 the attack rate in this part of the town was 
ten times, during 1896 three times, and during 1897 four times 
that of the rest of the burgh. Specific soil pollution seems the 
only probable source of the infection. For it is to be noted that 
other streets, differing in no respect from these in point of sanita- 
tion except as regarding the absence of primary infection, have 
not been so attacked.! 

The conditions for continuous soil pollution are here seen at 
their best. For as enteric fever is a disease of gradual onset, 
there is little doubt that each new case as it occurs will lead to 
the deposition of infected matter in the ashpits, which ceases 
only when the illness has become severe enough to demand 

* For the information here given I am indebted to the kindness of Dr. 
Buchanan, Medical Officer of Health to the burgh. 

t As a further evidence of the manner in which polluted soil may spread 
infection, there is here mentioned a series of cases which occurred in a 
single tenement of houses in Glasgow. Of this tenement the sole water 
supply is that of the City of Glasgow, viz., from Loch Katrine. The con- 
dition of this tenement was, as regards sanitary matters, very unsatisfac- 
tory, the drains especially being very defective ; yet no cases of enteric 
fever had occurred there for a number of years until one was imported in 
September, 1893. Of the subsequent cases no two occurred in the same 
house. This fact, and the distance of time between the successive cases, 
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medical attendance. The refuse from these ashpits is first 
emptied out into the street and thence removed. This method of 
removal produces fouling of the street; a certain amount of refuse, 
being left behind, is converted into dust and scattered about bv 
the wind. We have but to look upon a basin of milk which has 
stood uncovered for a single night to see how much dust is 
deposited from the atmosphere, and if that dust be specificallj 
polluted, there is no end to the vicious circle which keeps up both 
the supply of the poison and its distribution. That this is not 
purely theoretical is seen from the fact that Professor Delepine,* 
of Manchester, has obtained the enteric bacillus from the soil 
lying between the bricks forming the floor of an ashpit. In this 
case the contamination had taken place at least two months 
previously, and probably as far back as thirteen months. Either 
period, however, allows sufficient margin for the spread of the 
fever by the means under discussion. 

The following series of cases which occurred in the City of 
Glasgow Fever Hospital, Kennedy Street, will furnish a clear 
example of the manner in which soil may be the means of aiding 
the spread of the fever. This hospital consists, as may be seen 
from the diagram, of seven pavilions of two wards eaoh. The 
three northern pavilions, with the nurses' home, are new, and 
have a separate drainage system which discharges into North 
Oswald Street, while the drains of the southern wards, together 
with those of the kitchens and administration block, discharge 
into the main sewer in Kennedy Street. The ramifications of the 
drains will be appreciated more easily by a glance at the plan 



would seem to show that the infection was indirect — i.e., from the soil, and 
not from patient to patient. 

Table of Sequence of Events. 

Imported case removed to Hospital, - - 2l8t Sept., 1893. 

Subsequent case (1) removed to Hospital, - 23rd Oct., 1893. 

(2) „ „ - 13th Mar., 1894, 

,, (3) „ „ - 7th July, 1894. 

(4) „ „ - 1st Aug., 1894. 

Repairs of the drains completed, - - • 28th Jan., 1895. 

Subsequent case (5) removed to Hospital, - 20th Mar., 1895. 

(6) „ „ - 12th Sept., 1895. 

(7) „ „ - 1st Nov., 1895. 

(8) „ „ - 22nd Jan., 1896. 



» 



>> >> 



Till present date, April, 1898, no further cases have occurred. 

* Fuhlic Health, February, 1898. 
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than by any description. The whole drainage system of the 
northern wards was constructed about four years ago, and when 
tested after the outbreak was found in almost perfect order. 
With regard to that of the southern and older wards, it may be 
stated that when the hospital was re-opened a few years ago it 
was thought sufficient to renew the fittings in more immediate 
connection with the wards alone. The water closets, baths, 
traps, and ventilating shafts were renewed, but it was not 
thought necessary to relay the deeper part of the drainage 
system, it being considered at the time that the necessity for the 
hospital would be but temporary. 

Owing to the absence of a grease trap the main effluent drain 
from the southern wards became gradually choked, till ultimately 
no flow of sewage was possible along the pipes. Under the 
resulting pressure the lutings of the pipes gave way and free 
leakage ensued. As a result, subsidence of the soil, which was 
of a porous nature, occurred, so that intermittent saturation of 
the subsoil with sewage was possible. The porosity of this sub- 
soil, which was composed largely of furnace ashes, cinders, 
pottery rubbish, &c., while undoubtedly of great advantage in 
affording special facilities for natural purification, yet, according 
to the paper by Dr. Klein already referred to, would seem in this 
case to have rendered possible a prolonged existence of the enteric 
bacillus. The defects of the drains were discovered early in 
April, and their reconstruction was immediately entered upon. 
In the ordinary course of events this would probably not have 
had any serious effect, but in this instance several enteric patients 
had been . inmates of the hospital, and their discharges were 
passed into the defective drains. These patients had been 
certified as scarlatina, but on admission no evidence of this 
disease could be discovered, and further observation showed them 
to be suffering from enteric fever. The first, a child of three, 
was admitted on December 31st, 1896, and by the time the 
nature of the case was sufficiently defined she was too ill to re- 
move to Belvidere. This child was convalescent by the end of 
January. The second was a girl of fourteen years of age, who 
was admitted on January 12tb, 1897, and transferred to Belvi- 
dere on January 14th, while the third took ill on February 19th, 
was recognised as enteric fever on February 26th, and transferred 
next day. Thus from December 31st till February 27th there 
was a more or less constant stream of infected dejecta passing 



310 Philosophical Society of Glasgow, 

into the drains. Of course, the ordinary means were taken to 
disinfect the discharges, hut it is well known that these, how- 
ever thoroughly applied, are of doubtful efficiency. All these 
patients were in the same ward, viz., Ward III. (the observa- 
tion ward), whither they were sent on admission, and where 
they remained till dismissal from the hospital. It will thus be 
seen that the southern drainage system alone was specifically 
infected. 

From this time there was no other case of enteric fever in the 
hospital till the indigenous cases occurred. Repairs of the drains 
were begun at the main effluent sewer about April 10th, and the 
obstruction removed. On May 6th a patient in Ward VIII. 
(southern section) had an evening rise of temperature, which was 
the first indication of what subsequently proved to be an attack 
of enteric fever. This patient was a boy of nine years of age, 
who had been five weeks in the hospital, and who (owing to 
scarlatina complications) had never been out of bed. On the 
fifth day from the rise of temperature just referred to the 
diagnosis was fairly certain. Owing to the drains being exposed 
lower down, great care was taken in disinfecting his dejecta. 
These were thoroughly mixed with crude carbolic acid, and 
allowed to stand a considerable time before being put into the 
drains. 

On the suspicion of enteric fever arising, plate cultivations 
were made from the soil at the part where the men were at that 
time at work (marked b on the plan). The earth examined was 
taken from a part some inches* above the level of the drain, so 
that the possibility of contamination from the motions of this 
last case might be as far as possible avoided. From this soil a 
micro-organism was obtained which, in several of the most im- 
portant features, completely agreed with the typhoid bacillus.* 
Cultivations were also made from the soil midway between the 
surface and the drain (i.e., about 2^ feet below the surface), with 
negative result as regards the typhoid bacillus. Search for the 
same bacillus was now made in some of the soil, thrown up in the 
process of excavation, which had dried in the sun. Though in 
laboratory experiments the enteric bacillus is easily killed by 
drying, yet dust, as already stated, even on the hottest day, con- 


— - - - - ■ — ■ " ■ • 

* Characteristic growth on agar and potato : non-formation of bubbles in 
a gelatine stab culture : Widal reaction. 
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tains a certain amount of moisture. Plates were made with 
Eisner's potato gelatine, and an actively mobile non-liquefying 
bacillus obtained, which in a gelatine stab culture formed no ga^ 
bubbles, and which gave a characteristic growth on an agar 
streak culture. Unfortunately, when the further investigation 
of the properties of the bacillus was resumed, it was found that 
the culture had lost its vitality. - This bacillus, which was 
probably the enteric bacillus, was recovered from soil which 
could not have been contaminated by the dejecta of the case then 
in hospital. 

Cultivations were also attempted on gelatine plates with the 
grease from the choked drain, but no organism resembling 
the bacillus coli communis or the enteric bacillus could be 
found. 

From May 6th, when the first patient exhibited signs of enteric 
fever, till June 30th no further cases occurred, then they followed 
in quick succession, as will be seen by a reference to the accom- 
panying table : — 

Table of all the Indigenous Cases in Hospital. 

Sex. Age. Admitted. Showed first signs. Ward. 

- April 2nd, - May 6th, - VIII. 

- May 7th, - June 30th, - I. 
■ May 16th, - July 1st, - XIV. 

- June 29th, - July Uth, - IV. 
H.W., - M., . 10, - July 9th, - July 21st, - XII. 

Clinically the features in each case were those of mild enteric 
fever, except P.H., in the case of whom the symptoms were some- 
what anomalous. At the onset these were of a severe type, but 
subsided rapidly. She, however, gave a most typical Widal 
reaction. The circumstances which preceded the first case of 
enteric have already been detailed, and I shall now proceed to 
explain the further repairs carried out upon the drainage system 
at the various periods during the continuance of the enteric cases 
in the hospital That portion of the drains below a and h (see 
plan) was the first portion taken up and relaid, and^immediately 
thereafter the drain connections between this and the laundry, 
kitchen, and administration block were renewed. This work 
occupied the whole of May, and by the second week of June 
further work was commenced on that portion of the main drain 
marked 6 to c (see plan), which, as will be seen, was exposed both 
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to contamination from the original imported cases as well as of 
the first indigenous case. , Two patients were now attacked by 
the disease, a young woman and a child. Two and three weeks 
later respectirelj two other cases of enteric fever occurred in the 
hospital Those patients were both children, aged seven and ten, 
who had been strictly confined to bed from the day of admission. 
Both were mild but very characteristic cases of enteric fever. 
Of these cases two were resident in the northern and two in the 
southern portion of the hospital. 

Outbreaks of enteric fever are usually associated wiih cases of 
slight febrile derangement, which cannot be definitely diagnosed 
as enteric fever. A resident physician and a nurse were thus 
affected. 

So far as could be judged from the history of the patients and 
their environment before admission to hospital, there was no 
reason to suppose that any of them were incubating enteric fever 
on admission, and this opinion was further borne out by the 
length of time which elapsed in nearly all the cases between date 
of admission and the first onset of symptoms (see table). With 
regard to sources of infection within the hospital precincts itself, 
these fall to be considered. 

(1) The milk supply. This was the same as that of the City 
of Glasgow Fever and Small-pox Hospitals, Belvidere, where no 
indigenous cases of enteric fever occurred at this time. 

(2) Defective drains and traps connected with two infected 
wards. This source of infection is rendered very unlikely from 
the facts (a) that careful smoke testing revealed no practical 
defects in the traps or soil pipes connected with the wards; (b) 
that wards connected with both southern and northern drainage 
systems were infected, although, as already explained, the 
northern system of drainage was not in any way contaminated 
by the infected discharges from patients till the time when the 
first case occurred in Ward XII. ; (c) the enteric poison (when 
we remember the date of admission of the first enteric case) was 
present in the drains of the southern section four months before 
the occurrence of the first indigenous case. 

(3) The soil turned up during the repairs carried out on the 
drains, (a) The first indigenous case occurred in hospital about 
three weeks after the upturning of the soil when repairs were 
undertaken on that portion of the main drains marked a-6, while 
the second group of cases occurred from three to five weeks after 
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that, the portion marked h-c was taken up; (6) the sadden 
cessation of the indigenous infection as soon as the repairs to the 
main drains were completed ; (c) the two cases which arose in 
the northern section of the hospital must have occurred as the 
result of some form of aerial infection, in view of the fact that 
the northern and southern drainage systems had no communica- 
tion with each other; {d) that this source of infection was 
possible, and even highly probable, is manifest from the fact that 
micro-organisms presenting most of the characteristics of the 
enteric bacillus were procured from the upturned soil, which, 
owing to the warmth of the weather at the time, became rapidly 
dry, and so was readily carried about by the wind. 

That this outbreak was most probably the result of infection 
present within the hospital precincts is shown by the manner in 
which it died out, as already described, when at the same time 
an outbreak of enteric fever present in the city was increasing 
steadily in extent and severity. 

The proximity of the kitchen and stores to the turned-up soil 
during the repairs carried out on the drainage system makes it 
at least possible that the patients were infected by the food, 
which had in the first instance been contaminated by dust con- 
taining the specific organism. 

As regards, then, the aerial spread of enteric fever, the conclu- 
sions which are of importance are as follows : — 

Firstly — More especially in large towns, all back courts should 
be provided with an impervious pavement. Earth or causewayed 
courts are open to organic fouling, especially by children. This 
fouling on an asphalted court is of less moment, as absorption 
cannot take place. 

Secondly — Such back courts ought to be carefully scavenged 
daily, or oftener in enteric districts, with a plentiful use of water. 

Thirdly — Wet ashpits are extremely objectionable, and should 
not be tolerated, for not only do they provide a fertile soil for 
the propagation of the bacillus, but their cleansing may be a new 
source of the disease, both by aerial contamination, as already 
indicated, and also by the conveyance of the bacillus to new and 
possibly as yet unpolluted localities. 

Fourthly — From what has already been said, it will be evident 
that a series of sporadic cases might readily occur in a district 
without any apparent connection among themselves, yet whichj 
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if our knowledge of the train of associated circumstances were 
complete, might be traced back to a common source of infection. 

Supposing, for example, that the earth from a court contami- 
nated with the enteric poison were turned up during the preval- 
ence of dry weather, it might easily happen that the dust carried 
about by currents of air and deposited on milk, potted meat, 
bread, cheese, or other articles of food usually consumed without 
further cooking, might be the true source of infection. The 
difficulty would be further increased by the fact that before these 
sporadic cases could come under observation the actual source of 
infection would have been long obliterated. 
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Address presented by the Council of the Philosophical Society 
and by the Economic Science Section of the Philosophical 
Society to Andrew Stewart, Glasgow, on 10th June, 1897, 



To ANDREW STEWART, Esq., Merchant, Glasgow. 

The Philosophical Society of Glasgow, instituted 9th Novemher, 
1802, has always taken a deep interest in the teaching of 
Political Economy as a science essential to the well-being of 
peoples. 

In 1887 this Society created a special department for the 
furtherance of the study of Economics, and since then this 
special department, known as the Economic Science Section of 
the Philosophical Society, has been in active operation. 

Until last year it had been a matter of serious regret, and 
indeed, in a manner, a public reproach, that in the city of Adam 
Smith no adequate provision had been made for the permanent 
endowment and efficient teaching of that branch of science with 
which the name of Adam Smith is so honourably associated, and 
which is of vital importance in this industrial and commercial 
community. . 

In these circumstances you. Sir, came forward, and in the most 
liberal manner endowed a Chair of Political Economy in the 
University of Glasgow, named the Adam Smith Chair of Political 
Economy. 

The Philosophical Society of Glasgow desires to place on per- 
manent record its appreciation of this your philanthropic, wise, 
and patriotic action, which, coming from a fellow-citizen of Adam 
Smith, has a special grace and propriety. 

The Philosophical Society, therefore, asks you to accept this 
address, with its accompanying casket, that both may be placed 
among your family records, to be retained, this Society hopeS) 
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during a long continuance of your useful life, and afterwards 
handed down as an heirloom to jour successors. 

For the Philosophical Society of Glasgow — 

(Signed) EBENEZER DUNCAN, 

President, 

( „ ) FEEELAND FERGUS, 

Honorary Secretary, 

For the Economic Section of the Philosophical Society of 
Glasgow — 

(Signed) GEO. HANDASYDE DICK, 

President, 

( „ ) ROB. LAMOND, 

Honorary Secretary, 



MINUTES OF SESSION, 

1897-98. 



Srd HFovember, 1897. 

The Philosophical Society of Glasgow held its First Meeting for 
Session 1897-98 in the Corporation Galleries of Art, Sauchiehall 
Street, on the Evening of Wednesday, 3rd November, 1897, at 
Eight o'clock — Dr. Eben. Duncan, President, in the Chair. 

1. The Minutes of Meeting, of date 28th April, 1897, having 
already been circulated amongst the Members, were held as read, 
were approved of, and signed by the Chairman. 

2. Mr. William W. Carlile and Mr. George Ballantine, Jun., 
were duly admitted Members of the Society. 

3. On the motion of Professor G. G. Henderson, M.A., Mr. 
A. M. Lindsay and Mr. David Bruce were appointed Auditors to 
examine the Honorary Treasurer's Accounts for the year 1896-97. 

Thereafter the Meeting took the form of a Conversazione. 
During the evening a number of interesting scientific communica- 
tions were made, and several pieces of apparatus were shown. 

Report op Council for Session 1896-97. 

I. Meetings. — ^During the Session 1896-97 fourteen meetings of the 
Society were held. One of them, which was held on 2nd December, 1896, 
was devoted to the celebration of the Jubilee of Lord Kelvin as an Ordinary 
Member, and his election as an Honorary Member. Fifteen commanica« 
tions were made to the Society during the Session. 

II. Science Lectures Associaiion Lecture, — At the third ordinary meeting 
of the Session a special lecture was delivered to the Society, being the 
second lecture under the Glasgow Science Lectures Association Trust. It 
was delivered by Dr. J. G. M'Kendrick, F.R.S., a former President of the 
Society, and its subject was **A Study of Sound and Speech Waves as 
revealed by the Phonograph." There was a large attendance of the public 
on the occasion. 

III. Visit of Members to the Electric Lighting Station, — On the 24th April 
a large party of members visited the Corporation Electric Lighting Station, 
over which they were shown by the Engineer, Mr. Amot, and members of 
his staff. 
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IV. Sections, — The Architectural Section held eight meetlDgs in the 
course of the Session. Mr. P. Macgregor Chalmers, President of the 
Section, at the opening meeting delivered an address on " Art in our 
City," which appears in Vol. XXVIII. of the Society's Proceedings. No 
other Section held any separate meetings for the reading of their papers^ 
but contributed them to the Society. 

V. Proceedings, Volume XXVIIL — This volume of the Proceedings, 
which was distributed to the members of the Society on the 20th August, 
contains sixteen communications, three of them being from the Archi- 
tectural Section. One of the papers is in abstract. 

VI. Membership^— At the beginning of the Session there were 605 
Ordinary Members on the Roll. In course of the Session 46 candidates 
were elected, and 2 Members were reinstated, making 653. Of these, 12 
have resigned, and 5 have died, 3 have left Glasgow, and their names 
have been placed on the ** Suspense List," and 6 have been struck off the 
Roll for non-payment of subscriptions, so that at the beginning of 1897-98 
there were 627 Members, being an increase of 22. Of the new Members 
admitted during the Session, 8 qualified themselves as Life Members. 
There are now 154 Members of that class out of the 168 who had so 
enrolled themselves. The KoU now includes 16 Honorary Members (3 
being Continental, 4 American or Colonial, and 9 British), 8 Corresponding 
Members, and 627 Ordinary Members (Annual and Life), or a total of 651. 

VII. Finance, — The Treasurer's Statement for 1896-97 opens with a 
balance of £30 5s. 4d. , besides the Investment mentioned in former Reports 
of £294 18s. 3d. The Accounts close with a balance of £71 13s. due to the 
Treasurer. At Whitsunday a payment of £300 was made in reduction of 
the Society's half of Bond over the Joint Buildings, and a modification of 
the rate of interest was thereby obtained. To provide for this, and for 
current expenditure, it was necessary to realise the greater part of the 
Investment referred to, which was done at a profit. All current indebted- 
ness to the closing date of financial year is believed to have been paid. 

Separate Statements are given by the Treasurer, as formerly, showing 
the position of the two funds which the Society holds in trust, viz. : — 
''The Graham Medal and Lecture Fund," and ''The Glasgow Science 
Lecture Fund," respectively. 

By Order and in name of the Council, 

(Signed) JOHN MAYEB, 

Acting Secretary, 



Report of the Library Committee. 

Your Committee have to report that during the past year 107 volumes 
and 15 parts of works were added to the Library by purchase, and 17 
volumes, 39 parts, and 8 pamphlets were presented. 

The periodicals received at the Library number 98, of which 67 are 
bought and 31 are presented. These form altogether 108 volumes a year. 
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The Society's Proceedings were forwarded to 179 Societies and public 
departments, and 105 volumes and 109 parts were received in return. 

Altogether during the year there have been added to the Library 337 
volumes, 163 parts of works, and 8 pa^pphlets, making an estimated total 
of 12,793 volumes. 

Since last report 248 volumes have been bound. 

In addition to the large number of works consulted in the Library, 784 
books and 734 journals were issued to members during the session. 

The following bodies were added, by request, to the list of exchanges : — 
The Legislative Assembly of Victoria, British Columbia; the Historical 
and Scientific Association of Duluth, Minnesota ; and the Iowa Geological 
Society. 

In Vol. XXVIII. of the Procetdings there will be found a list of 
the additions to the Library by purchase up till June, 1897 ; the titles of 
the books presented, with the names of the donors ; the names of the 
Societies, &c. , with which exchanges are effected ; and a list of the periodicals 
received at the Library. 

JOHN ROBERTSON, Hon. Libraeiak, 

Convener, 



17th November, 1897. 



The Annual Meeting of the Philosophical Society of Glasgow 
was held on the Evening of Wednesday, 17th November, 1897, 
in the Booms, 207 Bath Street, at Eight o'clock — Dr. Duncan, 
President, in the Chair. 

1. The Minutes of Meeting of 3rd November, 1897, haring 
been printed in the Billet calling the Meeting, were held as read, 
were approved of, and signed by the Chairman. 

2. The Report by the Council on the state of the Society for 
Session 1896-97, having been printed in the Billet, was held as 
read, and, on the motion of the Chairman, was adopted. 

3. The Honorary Treasurer laid on the table Statements of 
his Intromissions for the Session 1896-97, signed by Messrs. 
Lindsay and Bruce, the Auditors appointed at the previous 
Meeting. On the motion of the Chairman, these Statements 
were adopted, and Mr. Mann was thanked for his services to tho 
Society as Honorary Treasurer, 
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4. Mr. John Robertson, the Honorary Librarian, submitted the 
Report of the Library Committee, which was, on the motion 
of the Chairman, unanimously adopted. 

5. Mr. Gilbert Thomson, who retired by rotation from the 
ofBce of Vice-President, nominated as his successor Archibald 
Barr, D.Sc, Professor of Engineering in the University of Glas- 
gow. This was seconded by Dr. G. A. Turner, and unanimously 
agreed to. 

6. On the motion of the Chairman, the Standing Orders were 
unanimously suspended, and Mr. John Robertson, Mr. John 
Mann, Freeland Fergus, M.D., and Mr. John Mayer were 
unanimously re-elected Hon. Librarian, Hon. Treasurer, Hon. 
Secretary, and Acting Secretary respectively. 

7. On the motion of Mr. Scott, seconded by Professor Lodge, 
Professor Bower, F.R.S. ; Professor G. G. Henderson, D.Sc. ; Mr. 
R. F. Muirhead, M.A. ; and Mr. A. Y. Lothian, M.A., were 
appointed Members of Council, in room of Dr. Glaister, Professor 
A. H. Sexton, Mr. A. L. Miller, and Mr. Alexander Scott, who 
retired by rotation. 

8. Dr. Turner then moved, and Mr. Scott seconded, the sus- 
pension of the Standing Orders, in order to submit a motion. 
This was unanimously agreed to. 

9. Dr. Turner then moved, and Mr. Scott seconded, the pro- 
posal that Article 3 of the Constitution of the Geographical and 
Ethnological Section read as follows : — " The management of the 
Section shall devolve upon a Council, consisting of a President, a 
Vice-President, a Secretary (who shall also act as Treasurer), and 
six other members." This was unanimously agreed to. 

It was also resolved that Dr. George A. Turner be re-elected 
President; Mr. William Ewing, Vice-President; Dr. James 
Colville, a Member of Council, each for three years ; and that Dr. 
R. Fullerton be re-elected Secretary and Treasurer. 

10. On the motion of Dr. Magnus M*Lean, the Office-Bearers 
of the Mathematical and Physical Section were re-elected for 

Session 1897-98. 

Vol. XXIX. x 



322 



Philosophical Society of Glasgow, 



Dr. 



ABSTRACT OP HONORARY TREASURER'S 

AKD COMPARISON WITH 



To Balance from last year — 
In Clydesdale Bank, 
Investment, Caledonian Railway, 
In Treasurer's hands, - 



1896-97. 



*9 



Subscriptions to 31st October, 1897 — 
46 Entry-moneys of 1896-97 at 

21s., 

Annual Dues at 21s. — 

Arrears, - - - - £3 3 
. For 1896-97, 422 Ordinary 

Members, - - - - 443 2 
38 New Members, 39 18 



£25 

294 18 3 

5 5 4 



£48 6 



£ S. D. 



325 3 7 



>» 



)i 



Life Subscriptions at £10 10s. — 
5 Old Members, - - - £52 10 
8 New Members, - - - 84 



486 3 



1895-96, 



£ 8, d. 



SS2 19 8\ 



a 



136 10 

Dividends on Investment — 

CaledonianRailway,April, 1897, less tax, £5 4 5 

„ ,, Oct., „ „ 5 4 5 



*> 



Caledonian Railway Stock — 
Sale of 250 3 per cent. Pre- 
ferred Converted at 99i, £248 15 
Less Expenses, • •> - 1 5 9 



a 



General Receipts— 
Bank Interest, 
Proceedings sold, - 



£247 


9 3 


£1 
5 


3 5 
6 11 



»> 



)> 



i> 



»» 



)) 



Legacy by the late Sir Michael Connal — 
Third instalment, less duty, • 



Architectural Section — 
Associates' fees for 1896-97 at 5s., 

Economic Science Section — 
14 Associates' fees for 1896-97) at 5s., •> 

Geographical and Ethnological Section — 
Associates' fees, 



Balance due to Treasurer, 



670 19 





678 11 


10 8 10 


11 











6 10 


4 


242 








2 6 


19 15 





ISO 


3 10 





4 6 








6 16 


71 13 





000 


1,107 19 


9 


947 19 lOi 



Memo, by Treasurer. — The Society's Investments are- 
Buildings, as in last Account, 

Half Cost of Electric Light Fittings, 1895-96, . 

Do. Improvements, &c., 1896-97, . 
Sum in Reduction of Bond, as above, .... 



-(1) Bath Street Jomt 
. £3,547 8 li 
31 12 9 
54 6 6 
300 



Less Society's part of £1,700 remaining on Bond, . 



(2) Caledonian Railway Stock, as in last Account, £294 18 3 
Less sold, 1896-97, 247 9 3 



;i,^. 



£3,933 7 4^ 
1,200 

£2,733 7 4i 



47 9 
£W80164J 
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ACCOUNT— SESSION 1896-97. 
SESSION 1895-96. 



Or. 



By General ExPEin)iTT7RE to 31st October, 1897 — 

Salary to Secretary, £75 

Allowance for Treasurer's Clerks, - - 15 

Commission to Collector, - - - . 5 10 



New Books & Periodicals, British & Foreign, £ 1 28 1 5 

Bookbinding, 17 12 1 

Printing Circulars, Proceedings^ &c., - 219 
Lithographs, &c., for Proceedings, &c., - 20 18 6 
Postage and delivery of Circulars, Letters, &c. , 26 3 10 
Stationery, &c., 4 19 



Fire Lisurance on Library for £5,400, 
Postages, &c., per Honorary Secretary, 
£1 Is. lid. ; per Acting Secretary, 
£1 6s. 6d. ; per Treasurer, £2 28. 7d. ; 
and Sundries, £3 14s. 4d., - 



£6 3 6 



8 4 4 



>> 



)) 
)> 
*) 



Joint Expenses of Rooms — Society's half of (1st) 
£358 2s. 9d., being Interest on Bond, Insurance, 
Taxes, Cleaning, Repairs, Lighting, and Heating; 
Salaries of Curator and Assistant ; (2nd) of Structural 
Improvements and New Furnishings, £108 13s., less 
half of £57 12s. 6d. , Revenue from Letting, - 

Lord Kelvin's Jubilee Meeting — Expenses, - 

Lecture Expenses — Sundries, 

Subscriptions to Societies — 

Ray Society, 1896, £110 

Pal^ontographical Society, 1896, - - 1 1 






Sanitary and Social Economy Section — 
Expenses per Treasurer of Section, .... 

Architectural Section — 
Expenses per Treasurer of Section, - - . . 

Economic Science Section — 
Expenses per Treasurer and Secretary of Section, - 

Geographical and Ethnological Section— 
Expenses per Treasurer of Section, - - . . 

Reduction of Society's half of Bond over Buildings, - 

Balance of — 

Investment — Caledonian Railway £360 
3 per cent. Preferred Converted, - £294 18 3 
Z^ess £250 sold, per contra, - 247 9 3 



1896-97. 



£ s. D. 



95 10 



416 11 2 



14 7 10 



204 11 7i 
10 7 5i 
2 9 



1895-96. 



£ 8. d. 



95 15 6 



SOIS 8 5 



n 2 8\ 



190 16 S 

15 



2 2 





9 2 








2 6 


10 13 


7 


16 11 9 


3 18 


1 


12 8 








9 6 


300 








47 9 





S25 S 7 


1,107 19 


9 


947 19 lOi 



Glasgow, 10th November, 1S97. — We, the Auditors appointed by the Society to 
examine the Treasurer's Accounts for the year 1896-97, have examined the same, 
of which the above is an Abstract, and have found them correct, the Balance due 
to Treasurer being Seventy-one Pounds Thirteen Shillings Sterling. 



JNO. MANN, C.A., Honorary Treasurer. 



(Signed) A M. LINDSAY. 
DAVID BRUCE. 
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11. On the luotioa of Mr. G. Handasyde Dick, seconded by Mr. 
Robert Lamond, the following Office-Bearers were appointed for 
the Economic Science Section : — 

ECONOMIC SCIENCE SECTION 

Council of Section, 1897-98. 
Mr. G. Handasyde Dick, President. 
Mb. George Younger, 



s, B.Sc.,J 



•Me. W. W. Blackib. - - ' Vi<^-PretidtfU4. 



Meniben of Council. 



*CouNciLLOR D. M. Stevenson. 
*Mb. James F. Martin. 
Professor Wm. Smart, LL.D. 



Mr. T. N. Whitblaw. 
Mr. Alex. Macindoe, C.A. 
fMR. A. A. Mitchell, LL.B. 



tMR. John A. Todd, B.L. 

Mr. Robert Lamond, M.A., LL.B., Hon Secretary. 
Mr. John Mann, jua, M.A., C.A., Hon. Treasurer. 

12. On the motion of Mr. Hector Bey, it was unanimously 
agreed to elect the following gentlemen as the Council of the 
Philological Section for the year 1897-98 : — 

PHILOLOGICAL SECTION 

Jas. Colvillb, M.A., D.Sc, President, 
Mr. Hector Rey, B.A., Secretary and Treasurer. 



Menibers of Council. 



Dr. Ross. 

Dr. Annandale. 



Mr. Justus Widmbr. 
Mr. David Lamb. 



Dr. W. Bathgate, H.M.I.S. Mr. John Clark, M.A. 

13. In the absence of any responsible representative of the 
Sanitary and Social Economy Section, Dr. Fergus moved the 
election of the following Office-Bearers, and the motion was 
unanimously agreed to : — 

SANITARY AND SOCIAL ECONOMY SECTION 

Prof. John Glaister, M.D., F.F.P.S.G., D.P.H.(Camb.), President. 

Sir Charles Cameron, Bart., M.D., LL.D.,i . 

Mr. Gilbert Thomson, C.E., "^Vtce^PresidenU. 

(*) lUiires 1898. (t) Elected November, 1897, for S years. 



Br. Eben. Duncan. 
Dr. a. R. Chalmers. 
Mb. Alexander Scott. 
Mr. T, L. Watson. 
Mr. Wm. Rattray. 
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McTnbers of CouncU. 

Professor Jamieson, C.E. 
Mr. Wm. Key. 
Mr. D. M. Alexander. 
Mr, D. W. Buohan. 
Dr. James E. Kelly. 
Mr. John Ross. 

Mr. Wm. Key, Honorary Secretary, 



14, The President then called on Dr. Smart, "Adam Smith" 
Professor of Political Economy in the University of Glasgow, to 
read his Paper on "The Report of the Royal Commission on 
Agricultural Depression : What it says, and what it does not say." 
In an interesting discussion which followed, Messrs. Dick, Lodge, 
Hedger Wallace, Wright, Carlile, and Maclaurin took part. On 
the motion of the Chairman, a very cordial vote of thanks was 
passed to Professor Smart, who briefly replied, 

15. The Chairman intimated that the following gentlemen had 
been elected members of the Society : — 

1. Mr. Thomas French, 1 Kelvinside Terrace. Recommended by Prof. 

Archibald Barr, Mr. John F. Campbell, and Mr. J. M*Kellar. 

2. Mr. Willla-M Whitelaw, Hope Cottage, Crookston. Recommended by 

Mr. John F. Campbell, Mr. J. M*Kellar, and Mr. John Mann. 

3. Mr. John Sandeman, Rosin Distiller, 35 Kelvinside Gardens. Recom- 

mended by Mr. John F. Campbell, Mr. J. M*Kellar, and Mr. John 
Mann. 

4. Mr. Willl^lm Gray, Shipowner, 65 Great Clyde Street. Recom- 

mended by Mr. Archd. Campbell, Mr. D. M. Stevenson, and Mr. 
Leonard Gow, Jun. 

5. Mr. LuDOVic MacLellan Mann, Accountant, 137 West George Street. 

Recommended by Dr. Eben. Duncan, Dr. Freeland Fergus, and Mr. 
John Mann. 

6. Mr. Joseph M*Donald, Brewer, Wellpark Brewery. Recommended 

by Mr. Jas. R. Motion, Mr. John Mann, and Mr. Mayer. 

7. Mr. R. Hedger Wallace, 7 Great Kelvin Terrace. Recommended 

by Mr. Robert Lamond, Dr. James Colville, and Dr. Oswald Fergus. 

8. Mr. David Blyth Anderson, Manufacturer, 18 Park Circus. Recom- 

mended by Dr. Freeland Fergus, Dr. Oswald Fergus, and Mr. W. 
W. Blackie, B.Sc. 

9. Mr. John Clark, M.A., English Master, High School, 2 Kersland 

Street, Hillhead. Recommended by Dr. James Colville, Mr. Hector 
Rey, and Prof. A. H. Sexton. 

10. Mr. James E. Hanbidge, Artist, 8 Balmoral Crescent, Crossbill. 
Recommended by Mr. William Lang, Mr. John Mann, and Mr. 
John Mann, Jun. 
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11. Dr. Jas. H. Nicoll, M.B., Surgeon, 14 Somerset Place. Recommended 

by Dr. Freeland Fergus, Dr. Eben. Duncan, and Prof. Archibald 
Barr. 

12. Prof. Ralph Stockman, M.D., F.R.S.E., The University, Glasgow. 

Recommended by Dr. Eben. Duncan, Dr. Freeland Fergus, and 
Dr. Oswald Fergus. 

13. Mr. JouN M. Welsh, Teacher, 1 Battlefield Crescent, Lancside. 

Recommended by Dr. Eben. Duncan, Mr. W. H. Addison, ana Dr. 
Freeland Fergus. 

14. Mr. George Neilson, 34 Granby Terrace, Glasgow. Recommended 

by Mr. P. Macgregor Chalmers, Mr. John Mann, and Mr. F. T. 
Barrett. 

15. Mr. John Lindsay, City Chambers, Glasgow. Recommended by Mr. 

Gilbert Thomson, Mr. James D. Borthwick, and Bailie Maclay. 

16. Mr. John White, Grain Miller, Scotstoun Mills, Partick. Recom- 

mended by Mr. Walter M. Galbraith, Dr. Freeland Fergus, and 
Mr. Mayer. 

17. Dr. William Watson, Gartmore, Langside. Recommended by Dr. 

Eben. Duncan, Dr. Freeland Fergus, and Dr. Oswald Fergus. 



1st Decemher, 1897. 

The Second Ordinary Meeting of the Philosophical Society of 
Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 1st December, 1897, at Eight o'clock— Dr. Duncan, 
President, in the Chair. 

1. The Minutes of Meeting, of date 17th November, 1897, 
having been printed in the Billet calling the Meeting, were held 
as read, were approyed of, and signed by the Chairman. 

2. The following new Members were duly admitted : — 

1. Mr. Thomas French. 10. Mr. James E. Hakbidos. 

2. Mr. William Whitelaw. 11. Dr. Jas. H. Nicoll. 

3. Mr. John Sandeman. 12. Prof. Ralph Stockman, M.D. 

4. Mr. William Gray. 13. Mr. John M. Welsh. 
6. Mr. LuDovic MacLellan Mann. 14. Mr. George Nbilson. 

6. Mr. Joseph M 'Donald. 15. Mr. John Lindsay. 

7. Mr. R. Hedger Wallace. 16. Mr. John Whyte. 

8. Mr. David Blyth Anderson. 17. Dr. Wm. Watson. 

9. Mr. John Clare, M.A. 

3. Mr. J. Clark, M. A., English Master, High School of Glasgow, 
read a paper on '^ Life and Thought of Anglo-Saxon England as 
preserved in Contemporary Poetry " — a communication from the 
Philological Section. In the discussion which followed, the 
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President, Dr. Colville, and Mr. George Neilson took part. On 
the motion of the President, Mr. Clark was awarded the thanks 
of the Society. 

4. The President announced that the following gentlemen had 
been elected Members of the Society : — 

1. Mr. Gbobge Christison, 68 Cambridge Drive. Recommended by Mr. 

John F. Campbell, Mr. William Henry Houston, and Mr. J. W. D. 
Walker. 

2. Mr. John Aiton Todd, B.L., Writer, 133 Greenhead Terrace, Glasgow. 

Recommended by Dr. William Smart, Mr. George Handasyde Dick, 
and Mr. Robert Lamond. 

3. Mr. James Ferguson, Electrical Engineer, 16 Dixon Avenue, Queen's 

Park. Recommended by Dr. Magnus Maclean, Mr. David Reid, 
and Mr. James Kean. 

4. Mr. James Fulton, The Glen, Paisley. Recommended by Mr. 

Matthew Blair, Dr. Archibald Barr, and Dr. William Smart. 

5. Mr. J, H. Steven, Ironfounder, Westmount, Kelvinside. Recom- 

mended by Mr. Hugh Steven, Mr. John Mann, and Mr. John 
Mann, Jun. 

6. Mr. Alexander Kay Steven, Ironfounder, Westmount, Kelvinside, 

Glasgow. Recommended by Mr. Hugh Steven, Mr. John Mann, 
and Mr. John Mann, Jun. 

7. Mr. Robert Martin, Engineer, 2 Provan Place, Montrose Street, 

Glasgow. Recommended by Mr. John G. Kerr, Dr. John Glaister, 
and Dr. Freeland Fergus. 

8. Mr. Robert Nish, Merchant, 9 Claremont Terrace. Recommended 

by Mr. John Farquhar, Mr. John Mann, and Mr. John Mann, Jun. 



Srd December, 1897, 

On the Evening of Srd December, 1897, a Special Meeting of 
the Society was held in the Rooms, 207 Bath Street, at Eight p.m. 
— Dr. Duncan, President, in the Chair. 

The Rev. R. Coillard delivered a lecture on " The Zambesi 
from Victoria Falls to Lealuye — ^the Barotsi Capital, now part of 
Rhodesia." This lecture was a contribution from the Geographical 
and Ethnological Section, and was illustrated with a series of 
lantern slides. During the evening Mr. Ewing, Vice-President 
of the Section, exhibited a collection of horns and other trophies 
from Nyassaland. On the motion of the Chairman, both gentle- 
men were thanked for their communications* 
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15th December, 1897, 

The Third Ordinary Meeting of the Philosophical Society of 
Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 15th December, 189.7, at Eight o^clock — Dr. Duncan, 
President, in the Chair. 

1. The Minutes of Meeting, of date 1st December, 1897, 
having been printed in the Billet calling the Meeting, were held 
as read, were approved of, and were signed by the Chairman. 

2. The Minutes of a Special Meeting of the Society, held on 3rd 
December; 1897, were read, were amended, and signed by the 
Chairman. 

3. The following New Members were duly admitted : — 

1. Mr. George Chbistison. 6. Mr. J. H. Steven. 

2. Mr. John Aiton Todd, B. L. 6. Mr. Alexander ELay Steven. 

3. Mr. James Ferguson. 7. Mr. Hobert Martin. 

4. Mr. James Fulton. 8. Mr. Robert Nish. 

4. The President intimated that Mr. John Mayer had retired 
from the office of Acting Secretary, and moved that the Society 
record its hearty thanks to Mr. Mayer for his past services. 
This was unanimously agreed to. 

5. Professor Ferguson, LL.D., F.R.S.E., Honorary Vice- 
President of the Society, read a paper on '^ Pierre Borel and his 
Bibliotheca Chemica." On the motion of the President he 
received the thanks of the Society. 

6. Mr. Carrick Anderson, M.A., B.Sc, Assistant to the 
Professor of Chemistry, read a paper entitled " A Contribution 
to the Chemistry of Coal, with special reference to the Coals of 
the Clyde Basin." Subsequently Professor G. G. Henderson, 
D.Sc, and Mr. Nathaniel Dunlop made remarks on the paper, 
and a cordial vote of thanks was awarded to Mr. Anderson. 



12th January, 1898, 

The Fourth Ordinary Meeting of the Philosophical Society of 
Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 12th January, 1898, at Eight o'clock — Dr. Duncan, 
President, in the Chair. 
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1. The Minutes of Meeting, of date 15th December, 1897, 
having been printed in the Billet calling the Meeting, were held 
aa read, were approved of, and were signed by the Chairman. 

2. Mr. George Handasyde Dick, President of the Economic 
Science Section, read a paper entitled '^Indian Economics," being his 
Presidential Address for Session 1897-98. A discussion followed, 
in which Mr. W. Duncan, Mr. W. W, Carlile, Mr. Graham, and 
Professor Smart took part. On the motion of the President, a 
hearty vote of thanks was accorded to Mr. Dick. 

3. The President announced that the following gentlemen had 
been unanimously elected Ordinary Members of the Society : — 

1. Mr. David Fraser Harris, M. D. , B. So. (Lond. ),F. R. S. E. , F. S. A. Scot. , 

Muirhead Demonstrator in the University of Glasgow. Recommended 
by Prof. M*Kendrick, Dr. Magnus Maclean, and Prof. Ferguson. 

2. Mr. Wm. Brodie Brodie, M. B. , C. M. , Physiological Department, Univer- 

sity of Glasgow. Recommended by Prof. M'Kendrick, Dr. Magnus 
Maclean, and Prof. Ferguson. 

3. Mr. T. K. Monro, M.A., M.D., F.F.P.S.G., 10 Clairmont Gardens. 

Recommended by Mr. A. B. Kirkpatrick, Dr. Pirie, and Dr. F. 
Fergus. 



26th January, 1898. 

The Fifth Ordinary Meeting of the Philosophical Society of 
Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 26th January, 1898, at Eight o^clock — Dr. Turner 
(in the absence of the President and of the Vice-Presidents) in 
the Chair. 

1. The Minutes of Meeting, of date 12th January, 1898, 
having been printed in the Billet calling the Meeting, were held 
as read^ were approved of, and were signed by the Chairman. 

2. Mr. Grieve Macrone read a paper entitled ''Railway 
Survey Work in the Shir6 Highlands, with general observa- 
tions on the Journey between Chindd and Lake Nyasa," being a 
contribution from the Geographical Section. A discussion 
followed, in which the Chairman, Mr. Moir, and Mr. Gibbs took 
part. On the motion of the Chairman, a hearty vote of thanks 
was awarded to Mr. Macrone. 
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3. The following New Members were duly admitted : — 

1 Mr. David Fbaseb Habris, M.D., B.Sc.(Lond.), P.R.S.E., F.S.A.Scot. 

2. Mr. Wm. Bbodie Bbodie, M.B., CM. 

3. Mr. T. K. Monro, M.A., M.D., F.F.P.S.G. 

4. The Chairman announced that the following gentlemen had 
been unanimously elected Ordinary Members of the Society : — 

1. Mr. A. Lewis M*Millan, M.B., CM., 1 Rosebery Terrace, Great 

Western Road. Recommended by Mr. William Wallace, Dr. 
Freeland Fergus, and Mr. Oswald Fergus. 

2. Mr. Mure Robertson, M.E., 4 Clairmont Gardens. Recommended by 

Dr. Freeland Fergus, Mr. Oswald Fergus, and Mr. Wm. Robertson, 
CE. 

3. Mr. Alexander Fyfe (at Clydesdale Bank, 134 West Greorge Street), 

52 Grant Street. Recommended by Mr. Geo. Neilson, Mr. F. T. 
Barrett, and Mr. P. Macgregor Chalmers. 

4. Mr. William Parnie, 32 Lynedoch Street, Glasgow. Recommended 

by Mr. John Dansken, F.S.I., Mr. James Barr, C.E., and Mr. Thos. 
Adam, F.S.I. 



9th February, 1898. 

The Sixth Ordinary Meeting pi the Philosophical Society of 
Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 9th February, 1898, at Eight o'clock — Dr. Duncan, 
President, in the Chair. 

1. The Minutes of Meeting, of date 26th January, 1898, having 
been printed in the Billet calling the Meeting, were held as read, 
were approved of, and were signed by the Chairman. 

2. The following New Members were duly admitted : — 

1. Mr. A. Lewis McMillan, M.B., CM. 

2. Mr. Mure Robertson, M.E. 

3. Mr. Alexander Fyfe. 

4. Mr. William Parnie. 

3. (1) Dr. Samuel Sloan explained the construction and mode 
of action of a " Faradimeter " designed by himself. On the 
motion of the President, he was accorded a hearty vote of thanks 
for his Communication. (2) Professor Barr, D.Sc, read a paper 
entitled "Some Scientific Questions concerning Pictures." A 
discussion followed, in which Messrs. Falconer, Hunt, Sayers, 
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Hanbidgei and others, took part. On the motion of the President, 
a hearty vote of thanks was accorded to Dr. Barr for his paper. 

> 4. The President announced that the following gentlemen had 
been unanimously elected Ordinary Members of the Society ; — 

1. Mr. Wm. James Mitchell, M.A., B.L., 49 West George Street. 

Recommended by Dr. Freeland Fergus, Mr. George Handasyde 
Dick, and Mr. David Bruce. 

2. Mr. James RowAif, Engineer, 22 Woodside Place. Recommended by 

Dr. Freeland Fergus, Mr. E. H. Parker, and Mr. Oswald Fergus. 

3. Mr. Thomas Mason Motion, Works Manager, The Distillers' Company, 

Limited, Port-Dundas. Recommended by Mr. J. R. Motion, Mr. 
John Mann, and Mr. W. H. E. Wood. 



23rd February, 1898. 

The Seventh Ordinary Meeting of the Philosophical Society 
of Glasgow was held at 207 Bath Street, on the Evening of 
Wednesday, 23rd February, 1898, at Eight o'clock. Mr. F. T. 
Barrett, Senior Vice-President, in the absence of the President, 
occupied the Chair. 

1. The Minutes of Meeting, of date 9th February, 1898, having 
been printed in the Billet calling the Meeting, were held as read, 
were approved of, and were signed by the Chairman. 

2. The following New Members were duly admitted : — 

1. Mr. William James Mitchell, M.A., B.L. 

2. Mr. James Rowan. 

3. Mr. Thomas Mason Motion. 

3. Dr. Magnus Maclean read a paper entitled " Lord Kelvin's 
Patents," which he illustrated by an exhibition of apparatus and 
by lantern slides. On the motion of Mr. Sayers, a hearty vote of 
thanks was accorded to Dr. Maclean for his paper. 

4. The Chairman announced that the following gentlemen had 
been duly elected Ordinary Members of the Society : — 

1. Mr. Angus M*Lean, B.Sc, C.E., Technical College, George Street. 

Recommended by Dr. Freeland Fergus, Mr. John Mann, and Mr. 
Oswald Fer|2;us. 

2. Dr. Barb Pollock, 3 Belgravo Terrace, Hillhead. Recommended by 

Dr. William Wallace, Mr. Scott, and Dr. Lewis McMillan. 
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20th April, 1898. 

The Eleventh Ordinary Meeting of the Philosophical Society of 
Glasgow was held within the Society's Booms, 207 Bath Street, 
on the Evening of Wednesday, 20th April, 1898, at Eight o'clock. 
Dr. Duncan, President, occupied the Chair. 

1. The Minutes of Meeting, of date 6th April, 1898, having 
been printed in the Billet calling the Meeting, were held as read, 
were approved of, and were signed by the Chairman. 

2. Mr. W. H. Addison read a paper on " The Present State of 
Deaf Mute Education,'' and exhibited a number of models, &c., 
made by deaf-mute children. 

A discussion followed, in which Dr. Duncan and Messrs. 
Haycock, Muirhead, Oswald Fergus, and Sayers took part. 

On the motion of the President, a hearty vote of thanks was 
awarded to Mr. Addison for his paper. 

3. Dr. AJex. Ferguson, of the Pathological Department, Glasgow 
Western Infirmary, read a paper entitled "A Brief Historical 
and Descriptive Account of the Bubonic Plague." The paper was 
illustrated by lantern slides and by microscopic preparations. 

A discussion followed, in which Drs. Turner and Duncan 
took part. 

On the motion of the President, a hearty vote of thanks was 
awarded to Dr. Ferguson for his paper. 
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ADDITIONS TO THE LIBEAEY. 



Donations^ in addition to the Works received in Exchange/rom the 

Societies^ ^c, nam^ed on pp. 348-857, 



LIST OF BOOKS PRESENTED BY THE RIGHT HON. 

LORD KELVIN, G.C.V.O. 

Lionville. Journal de Mathematiques, Tomes VIIL-XII. 
Grelle. Journal der Mathematik, Bande 32-43, in 7 vols. 
Montucla. Histoire des Mathematiques, 4 vols. 
Lelambre. Astronomic, 3 vols. 
Duncan. Solid Geometry. 

Do. Plane Geometry. 
Frost. Solid Geometry. 
Duhamel. Cours d' Analyse. 
Arbogast. Calcul des Derivations. 
Camot. Th^orie des Transersales, &c. 
Abel. (Euvres. 
Cagnoli. Trigonometric. 

Annals of the Cape Observatory, HI., VI., VII. 
Legendre. Theorie des Nombres. 
Landen. Mathematical Memoirs, I. 
Waring. Meditationes Analyticae. 
Thompson. Electricity and Magnetism. 
Price. Infinitesimal Calculus, I., II., IV. 
Howard. Art of Reckoning. 
Bourquet. Calcul DifF. et Int^g. , 2 vols. 
Hopkins. Trigonometry, and others. 
Lacroix. Alg^bre. 

Do. Calcul des Probabilites. 

Do. L'Enseignement, &c. 
Leroy. Geometrie. 
Larder. Calculus. 

Syllabus of Lectures on Trigonometry. 
Stewart. Tracts : Physical, &c. 
Suzanne. Mathematiques, 3 vols. 
Reynaud. Probl^mes des Mathematiques. 
Potter. Optics, 2 parts. 
Townsend. Modern Geometry. 
Repeal of the Union Conspiracy. 
Young. Selections from " Lays." 
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Walton. Problems in Hydrostatics. 
Gape Meridian Obs., 1861-65. 
Alexander. Applied Mechanics. 
Langhome. Reminiscences. 
Vincent. Geometric. 
Moigno. Galcul Difif. et Int6g., 2 vols. 
Hayward. Solid Geometry. 
Kerr. Rational Mechanics. 
Janett. Algebraic Development. 



Books added to the Library by Donation, 

Headden, W. P. Some Products found in the Hearth of an old Furnace 
upon the dismantling of the Trethellan Tin Works, Truro. 8vo 
Pamphlet, 1897. From the Author. 

Ogilvie, Wm. Lecture on the Yukon Gold Fields. 8vo Pamphlet. 1897* 
From Legislative Assembly. Victoria, B.C. 

Royal Dublin Society — 

Adeney, W. E. The Course and Nature of Fermentative Changes in 

Natural and Polluted Waters and in Artificial Solutions, as 

indicated by the Dissolved Gases. Scientific Transactions, Vol. VL , 

Part 2, 1897. 
Joly, J. On a Method of Photography in Natural Colours. Scientific 

Transactions, Vol. VI., Part 5, 1896. From the Society. 

Geological Survey of India — 

Palaeontoligia Indica, being Figures and Descriptions of the Organic 

Remains procured during progress of the Survey. 

Series XV., Himalayan Fossils. Vol. I., Part 4. Permian 

Fossils of the Productus Shales of Kumaon and Gurhwal. 

By Carel Diener. 

Series XV., Vol. II., Part 1. Cephalopodo of the Lower Trias. 

By C. Diener. 
Series XVI., Fauna of Baluchistan. Vol. I., Part 2. Fauna of 

the (Necomian) Belemnites Beds. By Fritz Noetling. 
Series XVI., Vol I., Part 3. Fauna of the Upper Cretaceous 
(Maestrichtien) Beds of the Marl Hills. By Fritz Noetling. 
From the Survey. 

United States Geological Survey — 

Atlas to accompany Monograph XXIII. on the Marquette Iron-bearing 
District of Michigan. By C. R. V. Hise and W. S. Bayley. 
Washington, 1896. From the Survey. 
Batavia Magnetical and Meteorological Observatory — 

Wind, Weather, Currents, Tides and Tidal Streams in the Indian 
Archipelago. By J. P. Van der Stok, 1897. From the Observatory. 
Buchan, W. P. Plumbing : a Text-Book to the Practice of the Art or 
Craft of the Plumber; with a supplementary chapter upon House 
Drainage. 7th edition. 8vo. London, 1897. From Mr. D. W» 
Buchan. 
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Bnchan, D. W. Practical Notes on House Sanitation. Svo Pamphlet, 
1898. From the Author. 

Medico-Chirurgical Society of Glasgow. Transactions, Vol. I., 1895-97. 
8vo. Glasgow, 1897. From Dr. Freeland Fergus. 

Annual List of New and Important Books added to the Public Library of 
the City of Boston, 1896-97. 8vo. Boston, 1898. From the Librarian. 

Royal Observatory, Brussels. Bibliographie G^n^rale de TAstronomie, 
Tome Premier, Seconde Partie. By J. C. Houzeau and A. Lancaster. 
8vo. Bruxelles, 1889. From the Observatory. 

Ball, Sir Robert. Twelfth and Concluding Memoir on the Theory of 
Screws. Reprint from Transactions of the Royal L:ish Academy, 
Vol. XXXI. 4to Pamphlet, 1898. From the Author. 

Falham Public Libraries. Tenth Annual Report, 1897. From the Librarian. 

Indiana Academy of Science, Proceedings of the, 1894-96, and continued. 
8vo. Indianopolis. From the Academy. 

Roth, W. £. Ethnological Studies among the North- West-Central 
Queensland Aborigines. Svo. Brisbane, 1897. From Sir Horace 
Tozer, K.C.M.G. 

Kansas University Quarterly Journal, Vol. VII., Part I., January, 1898, 
and continued. Svo, Lawrence, Kansas. From the University. 

Glasgow Corporation. Report of the Museums and Galleries, 1897. From 
the Superintendent. 

International Reports of Schools for the Deaf. Circular of Information 
No. 4, 1897. From Volta Bureau. 

Report of the Vancouver Board of Trade, 1896-97. From Legislative 
Assembly, B.C. 

British Columbia Mining Record. Vol. III., No. 11, 1897* and continued. 
From Legislative Assembly, B.C. 

Mathematical Treatise on the Motion of Projectiles, founded chiefly on the 
results of experiments made with the Author's chronograph. By F. 
Bashforth. 8vo. London, 1873. From the Author. 

Tables of Remaining Velocity, Time of Flight, and Energy of various 
Projectiles, 1865-70. By F. Bashforth. 8vo. London, 1871. From the 
Author. 

Geology of Cowal, including the part of Argyllshire between the Clyde and 
Lochfyne. By Gunn, Clough, and Hill, with Petrological Notes by 
Teall and Hatch. Memoirs of the Geological Survey of Scotland. 8vo. 
Edinburgh, 1897. From Geological Survey of Scotland. 

Palseontographical Society'^ Publications : — 

Foraminifera of the Crag. Part IV. By T. R. Jones. 

British Carboniferous Lamellibranchiata. Part II. — Mytilidae, 
Arcidae, Nuculidao. By W. Hind. 

Carboniferous Cephalopoda of Ireland. Part I. — Family Orthoceratidae. 
By A. H. Foord* 
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Devonian Fauna of the South of England. Vol. III. Part II. — Fauna 
of the Marwood and Pilton Beds of North Devon and Somerset. 
By G. F. Whidborne. 

Greenwich Observatory Publications : — 

Astronomical and Magnetical and Meteorological Observations, 1894. 
Results of the Astronomical Observations, 1894. 
Results of the Magnetical and Meteorological Observations, 1894. 
Results of the Spectroscopic and Photographic Observations, 1894. 

Katiirliche Schopfungs-Geschichte. 2 vols. By Ernst Haeckel. 8vo. 
Berlin, 1898. 
Ester Theil, Allgemeine Entwickelungs-Lehre. 
Sweiter Theil, Allgemeine Stammes-Geschichte. 

Agricultural Depression, Final Report of Her Majesty's Commissioners 
appointed to inquire into the subject of. Folio, 1897. From Mr. J. 
G. A. Baird, M.P. 

Klondike Mining District, Lecture on the. By Wm. Ogilvie. 8vo pamphlet. 
Victoria, B.C., 1897. From Legislative Assembly, B.C. 

Regenwaamemingen in Netherlandisch-Indie, 1896. From the Magnetical 
and Meteorological Observatory, Batavia. 

Geology of Eastern Berwickshire. Sheet 34, 1" (Scotland). Memoirs of the 
Geological Survey of Great Britain. By Archibald Geikie. London, 
1864. From the Geological Survey of Scotland. 

Smithsonian Institution, Washington, D.C. Annual Report, 1895. 
Recent Progress in Optics. By Le Conte Stevens. 
Air and Life. By Henry de Varigny. 
The Atmosphere in relation to Human Life and Health. By Francis 

Albert Hollo Russell. 
The Air of Towns. By J. B. Cohen. 
Composition of Expired Air and its effects upon Animal Life. By 

Billings, Mitchell, and Bergey. 
Physiological Light. By Raphael Dubois. 
Zoology since Darwin. By Ludwig v. Graff. 
Evolution of Modem Scientific Laboratories. By W. H. Welch. 
Helmholtz. By T. C. Mendenhall. 

Relation of Primitive Peoples to Environment. By J. W. Powell. 
Science in Early England. By C. L. Barnes. 

Annals of the Cape Observatory. Vols, in., VI., and VII. 4to. London, 
1896-97. 

Vol. III. — The Cape Photographic Durchmusterung for the Equinox, 
1875. By David Gill and J. C. Kapteyn. 

Vols. VI. and VII. — Determination of the Solar Parallax and Mass of the 
Moon, from Heliometer Observations of the minor Planets Iris, 
Victoria and Sappho, made in the years. 1888-89 at the Royal 
Observatory, Cape of Good Hope. By D. Gill, A. Auwers, and 
W. L. Elkin. 
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Results of Meridian Observations, made at the Royal Observatory, 
Cape of Grood Hope, during the years 1861-65, under the direction 
of Sir Thomas Maclear. 8vo. London, 1897. 

Appendix to Cape Meridian Observations, 1890-91. Star Correction 
Tables. By W. H. Finlay. 4to. No place or date. 

Year-Book of the Royal Society of London, No. 1, 1896-97. From the Society. 

Reports of the City of Glasgow Fever and Smallpox Hospitals. By Alex. 
Johnston. From the Author. 

An Account of the Strata of Northumberland and Durham, as proved by 
borings and sinkings. U — Z, 1897. From North of England Institute 
of Engineers. 

Meteorological Notes and Remarks upon the Weather during the Year 
1897, with its general efifects upon vegetation. By James Whitton. 
8vo. Glasgow, 1898. From the Author. 

Adulteration of Dairy Produce. By R. Hedger Wallace. Pamphlet, 8vo. 
Edinburgh, 1898. From the Author. 

Notes on Chromic L:on Ore : its modes of occurrence, dressing, uses, and 
value. By J. E. Carne. Mineral Resources, No. 1, 1898. Fro m 
Geological Survey of New South Wales. 

Notes on the occurrence of Timgsten Ores in New South Wales. By J. E. 
Came. Mineral Resources, No. 2, 1898. From Geological Survey of 
New South Wales. 

Bibliography of the Metals of the Platinum Group, 1748-1896. By J. L. 
Howe. From Smithsonian Miscellaneous Collections. Vol. XXXVIII. 

Smithsonian Institution, 1846-1896. The History of its first Half Century. 
Edited by George Brown Goode. 8vo. Washington, 1897. From 
Dr. S. P. Langley. 

Report on Lead and Zinc, Artesian Wells, &c. Iowa Geological Survey, 
Vol. VI., 1897. From the Survey. 

Annario de la Academia Mexicana de Ciencias Exactas Fisicas Naturales, 
1896. From the Academy. 

James Watt and the discovery of the Composition of Water. By T. E. 
Thorpe. Pamphlet. From Greenock Philosophical Society. 

Annual Reports upon the Health and Sanitary Condition of the County of 
Renfrew, 1891, 1894-96. By A. Campbell Munro, M.B., D.Sc, &c. 
From the Author. 

Annual Reports upon the Health and Sanitary Condition of the County of 
Ayr, 1892-97. By C. R. Macdonald, M.D., D.P.H.(Camb.). From 
the Author. 

Annual Reports on the Health and Sanitary Condition of the County and 

Districts of Argyll, 1892-97. By R. M'Neill, M.D., D.P.H.(Camb.). 

From the Author. 
Annual Reports on the Health and Sanitary Condition of the County of 

Lanark, 1892-97. Drs. James M*Lintock and John Wilson. From 

the Authors. 
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Annual Reports of the Medical Officer of Health of the Coonties of Dum- 
barton and Stirling, 1891-97. By John C. M'Vail, M.D., 
D.P.H.(Camb.). From the Author. 

Report of the Royal Commission on Vaccination. A review of the dis- 
sentients* statement. By John C. M*Vail, M.D., D.P.H. Reprinted 
from the Transactions of the Epidemiological Society of London, N.S., 
Vol. XVI., 1896-97. From the Author. 

Gloucester Epidemic of Smallpox, as misrepresented by Anti- Vaccinators. 
Reprinted with slight additions. Lancet, February and March, 1898. 
From Dr. John M»Vail. 

Fifty years of Newspaper Life, 1845-95, being chiefly reminiscences of that 
time. By Alexander Sinclair. Small 4to. No place nor date. 
From the Author. 

Law of Storms in the Eastern Seas. By W. Dobreck. 8yo, pamphlet. 
1898. From Hong Kong Observatory. 

University Magazine and Free Review. Edited by "Democritus." Vol. 
VIII. , April to September, 1897. 8vo. London. From Dr. Robert 
Park. 

Publications of the Greenwich Observatory — 
Greenwich Observations, 1895. 
Greenwich Astronomical Results, 1895. 
Greenwich Magnetical and Meteorological Results, 1895. 
Greenwich Spectroscopic and Photographic Results, 1895. 

Publications of Cape of Good Hope Observatory — 

Annals of the Cape Observatory, Vol. IV. 

Cape Meridian Observations, 1892-95. 

From the Astronomer Royal. 



Boohs added to the Library by Purchase, 

Pearson, Karl. The Chances of Death, and other Studies in Evolution. 
2 vols. 8vo. London, 1897. 

Armstrong, R. A. Henry William Crosskey, his Life and Work. 8vo. 
Birmingham, 1895. 

Anderson, Wm. The Scottish Nation; or the Surnames, Families, 
Literature, Honours, and Biographical History of the People of 
Scotland. 3 vols. 8vo. Edinburgh, 1866. 

Reid, Robert, Autobiography of the late (Senex), with a selection of his 
Papers on the Antiquities of Old Glasgow. 8vo. Glasgow, 1865. 

M*Nayr, James. A Guide from Glasgow to some of the most remarkable 
scenes in the Highlands of Scotland, and to the Falls of the Clyde. 
8vo. Glasgow, 1797. 

Gallant, A. G. Saint Mungo's Bells; or Old Glasgow Stories rung out 
anew. 8vo. Glasgow, 1888. 

Crawfurd, Geo. A Sketch of the Rise and Ptogress of the Trades* House 
of Glasgow. 8vo. Glasgow, 1858. 
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Anderaon, W. J. Architecture of the Renaissance in Italy. Svo. 
London, 1896. 

Romanes, J. G. Darwin and After Darwin. Vol. III. Post Darwinian 
Questions and Physiological Selection. Svo. London, 1897. 

Thompson, S. P. Light, Visible and Invisible. A Series of Lectures 
delivered at the Royal Institution of Great Britain, 1896. Svo. 
London, 1897. 

Paget, Stephen. John Hunter, Man of Science and Surgeon. Svo. 
London, 1897. 

Singer and Berens. Some Unrecognised Laws of Nature. An Enquiry into 
the causes of Physical Phenomena, with special reference to Gravita- 
tion. Svo. London, 1897. 

Bell and Paton. Glasgow : Its Municipal Organization and Administration. 
4to. Glasgow, 1896. 

Cayley, A., Collected Mathematical Papers of. Vol. XIII. and last. 4to. 
Cambridge, 1897. 

Boulenger, G. A. Tailless Batrachian of Europe. Part I. Svo. London. 
1897. 

Stahl, Von A. F. Zur Geologie von Persien. Geognostische Beschreibung 
von Nord und Zentral Persien. Erganzungsheft No. 122 zu Petermanns 
Mittsilungen. 1897. 

Renwick, R. Abstract of Protocols of the Town-Clerks of Glasgow. 
Vol. IV. WiUiam Hegait*s Protocols, 1568-76. 4to. Glasgow, 1897. 

Wright, Joseph. English Dialect Dictionary. Parts IV. and V. 

Lilford's Birds of the British Islands. Parts XXXV. and XXXVI. 

Bryce, James. Impressions of South Africa. Svo. London, 1897. 

Reportorium der Technischen Journal — Litterature, 1896. 

La Nature. Part II. 1897. 

Hazell's Annual for 1898. 

Dictionary of National Biography. Vols. IHI. and LIV. 

Bishop, "Mrs. (Isabella L. Bird). Korea and her Neighbours. A Narra- 
tive of Travel, with an Accoimt of the Recent Vicissitudes and Present 
Position of the Country. 2 vols. , Svo. London, 1898. 

Cayley, Arthur. Collected and Mathematical Papers. Index vol. 4to. 
Cambridge, 1898. 

Decle, L. Three Years in Savage Africa. Svo. London, 1898. 

Fitzgerald, W. W. A. Travels in the Coastland of British East Africa 
and the Islands of Zanzibar and Pemba. Svo. London, 1898. 

Harzer, P. Geographische Ortsbestimnrungen ohne Astronomische In- 
strumente (Petermanns Mitteilungen erganzungsheft, Nr. 123). 

Lamb, H. Elementary Course of Infinitesimal Calculus. Svo. Cam- 
bridge, 1897. 

Memorabilia of the City of Glasgow, selected from the Minute Books of 
the Burgh, 1588-1750. 4to. Glasgow, 1868. 
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Phillips, J. A. and H. Louis. Treatise on Ore Deposits. 2nd edition. 8vo. 
London, 1896. 

Poole's Lidez to Periodical Literature. 3rd Supplement, 1892-96. 4to. 
London, 1897. 

Roscoe and Scborlemmer. Treatise on Chemistry. New edition. Vol L, 
Non-Metallic Elements. 8to. 'London, 1894. 

Royal Society, Record of the. No. L, 1897. 8vo. London, 1897. 

Statesman's Year Book, 1898. 

Trotter, J. K. The Niger Sources, and the Border of the New Sierra 
Leone Protectorate. 8vo. London, 1898. 

Webb, Sidney and Beatrice. Lidustrial Democracy. 2 vols. 8vo. 
London, 1897. 

Vandeleur, S. Campaigning on the Upper Nile and Niger. 870. London. 
1898. 

Glasgow Cathedral, The Book of. A history and description. Edited by 
George Eyre-Todd. 4to. Glasgow, 1898. 

Philosophical Transactions of the Royal Society of London. Vol. 
CLXXXIX.B, and V^ol. CXC.A. 4to. London, 1897-98. 

Protocols of the Town-Clerks of Glasgow, Abstract of. Edited by R. 
Renwick, Vol. V., Henry Gibsones Protocoles, 1855-68. 

(Euvres Completes de Laplace. Vol. XII. 

Journal of Iron and Steel Listitute. Vol. IL 1897. 

Scientific Memoirs of Thomas Henry Huxley. Vol. I. Edited by M. 
Foster and E. R. Lankester. 8vo. London, 1898. 

Jahres-Bericht Chemischen Technologic. 1897. 

Cantor, Von Moritz. Vorlesimgen liber Geschichte der Mathematik. 
Dritte Abteilung. 8vo. Leipzig, 1898. 

Boulengcr, G. A. Tailless Batrachians of Europe. Part II. (Ray 
Society.) 8vo. London, 1898. 



The Philosophical Society Exchanges with the 
FOLLOWING Societies, &c. : — 

Capo Town- ^^ICA. 

South African Philosophical Society. 

Cape of Good Hope Obsen*atory. The Astronomer Royal. 

Brisbane- AUSTRALIA. 

Royal Geographical Society of Australasia (Queensland Branch 

Melbourne — 
Royal Observatory Library. 
Patent Office. 
Royal Society of Victoria, Victoria Street. 
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AUSTRALIA— con^inttcrf. 
Sydney— 

Creological Survey, Department of Mines. The Honourable the Minister 

for Mines. 

Royal Geographical Society of Australasia (New South Wales Branch). 

Royal Society of New South Wales, 5 Elizabeth Street, North. 

Technological Museum. 

Brussels- BELGIUM. 

Acad^mie Royale des Sciences. 
Observatoire Royale. 
Soci^t4 Malacologique de Belgique. 

lAhge — 
Soci^te Royale des Sciences. 

Halifax- CANADA. 

Nova Scotian Institute of Science. 

Hamilton (Out.) — 
Hamilton Association. 

London (Ont.) — 
Entomological Society of Ontario. 

Montreal — 
Canadian Society of Civil Engineers, 112 Mansfield Street. 
Geological and Natural History Survey of Canada. 
Royal Society of Canada. 

Toronto — 
Canadian Institute, 58 Richmond Street, East. 

Victoria (B.C.)— 
Library of the Legislative Assembly. 

Winnipeg — 
Manitoba Historical and Scientific Society. 

Hong Kong — 
Hong Kong Observatory, 

ENGLAND and WALES. 
Barnsley — 
Midland Institute of Mining, Civil, and Mechanical Engineers, Elden 
Street. 

Bath- 
Bath Natural History and Antiquarian Field Club. 

Birkenhead — 
Birkenhead Literary and Scientific Society, 34 Hamilton Square. 

Birmingham — 
Philosophical Society, Medical Institute, Edmund Street, 
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ENGLAND and WALES— continued. 

Bristol— 
Bidatol Naturalists' Society. Dr. C. K. Rudge, Ashgrove House, 145 
White Ladies' Road, Clifton. 

Cambridge — 
Philosophical Society, New Museum. 
University Library. The Curator. 

Cardiflf— 
Cardiff Naturalists' Society, 44 Loudoun Square. 
South Wales, Institute of Engineers, Park Place. 

Chelmsford — 
Essex Field Club. Hon. Librarian. 

Falmouth — 
Royal Cornwall Polytechnic Society. 

Folkestone — 
Folkestone Natural History Society, 98 Dover Road. 

Greenwich — 
Royal Observatory. The Astronomer Royal. 

Leeds — 
Leeds Philosophical and Literary Society. 

Leicester — 
Leicester Literary and Philosophical Society. 

Liverpool — 
Geological Society, Royal Listitution, Colquitt Street. 
Historic Society of Lancashire and Cheshire, Royal Institution. 
Literary and Philosophical Society. 

Liverpool Engineering Society, Royal Institution, Colquitt Street. 
Liverpool Naturalists' Field Club, Royal Institution, Colquitt Street. 

London — 
Anthropological Institute, 3 Hanover Square. 

British Association for the Advancement of Science, Burlington House. 
British Museum. The Superintendent, Copyright Office. 
Chemical Society, Burlington House. 

Institution of Civil Engineers, 25 Great George Street, Westminster. 
Institution of Junior Engineers, 47 Fentiman Road, Clapham Road. 
Institution of Mechanical Engineers, 10 Victoria Chambers, Victoria 

Street. 
Middlesex Hospital, Bemers Street. 

Patent Office Library, 25 Southampton Buildings, Chancery Lane. 
Pharmaceutical Society, 17 Bloomsbury Square. 
Royal Geographical Society, 1 Saville Row. 

Royal Institute of British Architects, 9 Conduit Street, Hanover Square. 
Royal Institution of Great Britain, Albermarle Street, Piccadilly, W. 
Royal Meteorological Society, 22 Great George Street, Westminster. 
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ENGLAND and WALES— conrtnt«ed. 

London (eontinued) — 
Royal Photographic Society, 6a Pall Mall, East. 
Royal Society, Burlington House. 
Royal Statistical Society, 9 Adelphi Terrace, Strand. 
Society of Arts, John Street, Adelphi. 

Society of Biblical ArchsBology, 37 Great Russell Street, Bloomsbury. 
Society of Chemical Industry, Palace Chambers, 9 Bridge Street, West- 
minster. 
Society of Engineers, 17 Victoria Street, Westminster. 
Society of Psychical Research, 19 Buckingham Street. 
The Lancet. The Proprietor, 1 Bedford Street, Strand. 
Engineering. The Publisher, 35 Bedford Street, Strand. 
Industries and Iron, 39 and 40 Shoe Lane. 

Manchester — 
Manchester Association of Engineers, Grand Hotel, Aytoun Street. 
Geographical Society, 16 St. Mary's Parsonage. 
Literary and Philosophical Society of Manchester, 36 George Street. 

Middlesborough — 
Cleveland Institution of Engineers. 

Newcastle-upon-Tyne — 
North-East Coast Institution of Engineers and Shipbuilders, 4 St. 

Nicholas Buildings. 
North of England Institute of Mining and Mechanical Engineers, 

Neville Hall. 

Oxford- 
Bodleian Library. 

Truro — 
Royal Institution of Cornwall. 

Watford- 
Hertfordshire Natural History Society and Field Club, Endowed Schools. 

Welshpool — 
Powys Laud Club. The Secretaries, Museum and Library, Salop Road. 

Bordeaux- FRANCE. 

Soci^t^ des Sciences Physiques et Naturelles. 

Marseilles — 
Faculte des Sciences de Marseille. 

Paris — 
feole Polytechnique. The Director. 
Observatoire M^teorologique Central de Montsouris. 

Berlin- GERMANY. 

Deutsche Chemische Gesellschaft. 
Deutsche Kolonial Verein. 
Konigliche Preussische Akademie der Wissenschaften. 
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Bremen— GERMANY— con<tnt*ed. 

Geographische GesellBchaft. 

Giessen (Hesse) — 
Oberheseische Gesellschaft fUr Natnr-and Heilkunde. 

Griefswald (Prussia) — 
Geographische Gesellschaft. 

Halle (Prussia) — 
Verein f iir Erdkunde. 

Kalserliche Leopoldino — Carolinische Deutsche Akademie der Natur< 
forscher. 

Hamburg — 
Geographische Gesellschaft. 

Calcutta- INDIA. 

Geological Survey of India. 

Belfast- IRELAND. 

Belfast Naturalists' Field Club, Museum, College Square, North. 
Natural History and Philosophical Society, Museum, College Square, 
North. 

Dublin- 
Royal Dublin Society, Leinster House. 
Royal Irish Academy, 19 Dawson Street. 
Trinity College Library. 

,,., ITALY. 

Milan — 

Reale Instituto di Lombardo di Scienze, Lettere, ed Arti. 

Tokio— JAPAN. 

Imperial University of Japan (College of Medicine). 
Seismological Society of Japan. John Milne, Shide Hill House, Shide, 

Newport, Isle of Wight. 
Imperial University of Tokio. 

Mexico- M^^CO. 

Observatorio Astronomico Nacional de Tacubaya. 
Sociedad Cientifica "Antonio Alzate." 
Academia Mexicana de Sciencias. 

Wellington— NEW ZEALAND. 

Colonial Museum. 

Amsterdam- NETHERLANDS. 

Academic Royale des Sciences b. Amsterdam. 

Harlem — 
Soci6t^ des Sciences i. Harlem. 

Teyleryan Library. 

Leyden — 
Kon. Nederlandisch Aardrijkskundig Genootschap. 
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Chmtiania- NORWAY. 

Kongelige Norske Frederiks Universitet. 

Lisbon- PORTUGAL. 

Acadexnia Real das Sciencias. 

Bucharest- ROUMANIA. 

Societati! de Sciinte Fizice. 

Kazan- ^CSSIA. 

Imperial Kazan University. 

St. Petersburg — 
Academic Imp^riale des Sciences. 
Russian Chemical Society of the University of St. Petersburg. 

., , SCOTLAND. 

Aberdeen — 

Philosophical Society, 147 Union Street. 

Cockburnspath (Berwick) — 
Berwickshire Naturalists' Club. Dr. Hardy, Oldcambus. 

Edinburgh — 
Advocates* Library. 

Botanical Society of Edinburgh, Royal Botanic Garden. 
Geological Society, 5 St. Andrew Square. 

Highland and Agricultural Society of Scotland, 3 George IV. Bridge. 
Royal Physical Society, 18 George Street. 
Royal Scottish Geographical Society, Queen Street. 
Scottish Meteorological Society, 122 George Street. 
Royal Scottish Society of Arts, 117 George Street. 
Royal Society, The Mound, Princes Street. 

Glasgow — 
Archaeological Society, 88 West Regent Street. 
Baillie's Institution Free Library, Miller Street. 

Faculty of Physicians and Surgeons of Glasgow, 242 St. Vincent Street. 
Geological Society, 207 Bath Street. 

Glasgow and West of Scotland Technical College Library, 38 Bath Street. 
Institution of Engineers and Shipbuilders in Scotland, 207 Bath Street. 
Mitchell Library, Miller Street. 
Natural History Society of Glasgow, 207 Bath Street. 
Stirling's Public Library, Miller Street. 

Greenock — 
Philosophical Society. 

Hamilton — 
Mining Institute of Scotland. 
Public Library. 

Paisley — 

Public Library. 
Vol. XXIX. z 
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„ 1 SWEDEN. 

Upsala — 

Royal University Library. 

Stockholm — 
Kongliga Svenska Vetenskaps-Akademie. 

Hobart- TASMANIA. 

Royal Society of Tasmania. 

. ,. ,rr X UNITED STATES. 

Austm (Texas) — 

Texas Academy of Science. 

Baltimore— 
Johns Hopkins University. 

Boston — 
American Academy of Arts and Sciences. 
Public Library, Copley Square. 
Boston Society of Natural History. 

Cincinnati — 
Ohio Mechanics* Institute. 

Davenport (Iowa) — 
Academy of Natural Sciences. 

Des Moines (Iowa) — 
Iowa Geological Survey. 

Indiana — 
Indiana Academy of Science. 

Lawrence (Blansas) — 
Kansas University Quarterly. 

Madison — 
Washburn Observatory. 

Minneapolis — 
Geological and Natural History Society of Minnesota. 
Indiana Historical and Scientific Association. 

Newhaven (Conn. ) — 
Connecticut Academy of Arts and Sciences. 

New York — 
American Geographical Society, 11 West Twenty -ninth Street. 
American Museum of Natural History, Central Park, Seventy-seventh 

Street. 
American Society of Civil Engineers, 127 East Twenty-third Street. 
New York Academy of Sciences, Columbia College. 
New York Public Library, 40 Lafayette Place. 
School of Mines, Columbia College. The Associate Editor. 

Philadelphia — 
Academy of Natural Science of Philadelphia. 
Alunmi Association, 1829 North Eighth Street. 
American Pharmaceutical Association. 

American Philosophical Society. The Hon. Secretaries, 104 South Fifth 
Street. 
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UNITED STATES-Hiontinued, 

Philadelphia (corUinued) — 
Franklin Institute, 15 South Seventh Street. 
Numismatic and Antiquarian Society of Philadelphia. 
Wagner Free Institute of Science, comer of Seventeenth Street and 
Montgomery Avenue. 

Portland (Maine) — 
Portland Society of Natural History, Elm Street. 

Rochester (N. Y.)— 
Kochester Academy of Science. Corresponding Secretary. 

St. Louis — 
Academy of Science. 
Public School Library. 

San Francisco (California) — 
California Academy of Sciences. 

Topeka (Kansas) — 
Kansas Academy of Science. 

Trenton (N. J.)— 
Trenton Natural History Society. 

Washington — 
Bureau of Education (Department of the Interior). 
Bureau of Ethnology. 
Smithsonian Institution. 
United States Geological Survey. 

United States National Museum (Department of the Interior). 
United States Naval Observatory. 



LIST OF PERIODICALS. 

(Thote received in exchange are indicated by an asterisk. J 

WEEKLY. 

Academy. 
Architect. 
Athenaeum. 



British Architect. 
British Journal of Photography. 
Builder. 

Builders* Journal. 
Building News. 
Chemical News. 
Comptes Bicndus. 

'Dingler*s Poljrtechnisches Journal. 
Economist. 
Electrical Review. 
Electrician. 



Engineer. 
*Engineering. 

English Mechanic. 
♦Industries and Iron. 
* Journal of the Society of Arts. 

Journal of Gas Lighting, &c. 
*Lancet. 

Nature. 

Notes and Queries. 
^Pharmaceutical Journal. 

Publishers* Circular. 

Scientific American and Supple- 
ment. 
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PhUogophiccU Society of Glasgow. 



Annalen der Chemie (Liebig's). 
*Bericht6 der Deutschen Chemischen 
GeaellBchaft. 



FORTNIGHTLY. 

Journal f (ir Fraktische Chemie (Erd- 

mann's). 
Zeitschrift fur Angewandte Chemie. 



*American Chemical Journal. 
Analyst. 

Annalen der Physik und Chemie. 
Annales de Chimie et de Pby 

sique. 
Annales de Tlnstitut Pasteur. 



MONTHLY. 

Annales des Sciences Natorellea. 

Botanique. 
Annales des Sciences Naturelles. 

Zoologie. 
Annals and Magazine of Natural 

History. 



Annales des Ponts et des Chauss^es. | Antiquary. 



Beiblatter zu den Annalen der 

Physik und Chemie. 
Bookseller. 
Bulletin de la Soci^t4 Chlmique de 

Paris. 
Bulletin de la Soci^t^ d'Encourage- 

ment. 
Bulletin de la Soci^t^ Geologique de 

France. 
Bulletin de la Soci^t^ Industrielle 

de Mulhouse. 
*Bulletin Mensuel de I'Dbservatoire 

de Montsouris. 
*Canadian Entomologist. 
*Beutsche Kolonialzeitung. 
Entomologist. 

Entomologists' Monthly Magazine. 
*6eograpbical Journal. 
Geological Magazine. 
•Johns Hopkins University Cir- 
culars. 
Journal de Pharmacie et de 

Chimie. 
Journal of Botany. 
•Journal of the Chemical Society. 



•Journal of the Franklin Institute. 
•Journal of the Photographic Society. 
•Journal of the Society of Chemical 

Industry. 
London, Edinburgh, and Dublin 

Philosophical Magazine. 
•Monatsbericht der Koniglich Preus- 
sischen Akademie der Wissen- 
schaften zu Berlin. 
Monthly List of Official and Parlia- 
mentary Papers. 
Petermanns Erganzungsheft. 
Petermanns Mitteilungen. 
Polytechnic Bibliothek. 
•Proceedings of Royal Society of 

London. 
•Proceedings of the Society of Biblical 

Archaeology. 
Revue Universelle des Mines. 
•Royal Astronomical Society's 

Monthly Notices. 
Sanitary Journal. 
Science Gossip. 

•Scottish Geographical Magazine. 
Zoologist. 



QUARTERLY. 



Annales des Mines. 
Annals of Botany. 
Annals of Scottish Natural History. 
•Archives Nfeerlandaises des Sciences 

Ezactes et Naturelles. 
•Bulletin of the American Geo- 
graphical Society. 
Economic Journal. 



Forschritte der Mathematik. 
Journal of Anatomy and Physiology. 
•Journal of the Anthropological 

Institute of Great Britain. 
•Journal of Manchester Geographical 

Society. 
Journal of the Royal Agricultural 
Society of England. 



Zist of Periodicats. 
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Journal of the Hoyal Microscopical 

Society. 
♦Journal of the Royal Statistical 

Society. 
♦Journal of the Scottish Meteoro- 
logical Society. 

La Nature. 

Mind : a Quarterly Review of 
Psychology and Philosophy. 

Quarterly Journal of Economics. 

Quarterly Journal of Geological 
Society. 



Quarterly Journal of Microscopical 
Science. 

^Quarterly Journal of Royal 
Meteorological Society. 

Quarterly Journal of Pure and 
Applied Mathematics. 

Reliquary and Illustrated Archaeolo- 
gist. 

^School of Mines Quarterly. 

^Sociedad Gientifica '* Antonio 
Alzate." 

Zeitschrift fur Analytische Chemie. 



LIST OF MEMBEES 



OF THE 



PHILOSOPHICAL SOCIETY OF GLASGOW, 

FOB 1897-98. 



HONORARY MEMBERS. 

(Limited to Twenty,) 

With Year op Election. 



Foreign. 

Rudolph Albert von KoUiker, Wurtzburg i860 

Ernst Heinrich Hseckel, Jena 1880 

Georg Quincke, Heidelberg. 1890 

American and Colonial. 

Eobert Lewis John Ellery, F.R. A. S., Victoria, Australia 1874 

5 Sir John William Dawson, LL.D., F.R.S., Principal of M'Gill College, Montreal. 1883 

Thomas Muir, M.A., LL.D., F.R.S.E., Superintendent General of Education, 

Cape Colony. 1892 

Professor S. P. Langley, LL.D.,*D.C.L., Secretary of the Smithsonian Institu- 
tion, Washington, U.S. A 1895 

• 

British. 

Sir Joseph Dalton Hooker, K.C.B., K.C.S.L,'M.D., D.C.L., LL.D., F.R.S., The 

Camp, Sunningdale 1874 

Herbert Spencer, care of Messrs, Williams & Norgate, 14 Henrietta street, 

Co vent Garden, London 1879 

10 Rev. John Kerr, LL.D., F.R. S., Glasgow 1885 

Sir George Gabriel Stokes, Bart., M.A., LL.D., D.C.L., F.R.S., Lensfield 

cottage, Cambridge 1887 

F. Max Miiller, M. A., Professor of Comparative Philology, University of Oxford, 

Norham gardens, Oxford 1889 

The Right Hon. Lord Rayleigh, M. A., D.C.L., LL.D., /Sec. R.S., London, Terliug 

place, Witham, Essex. . . , 1890 

The Right Hon. Lord Lister, LL.D., D.C.L., P.R.S., 12 Park crescent, Portland 

place, London, W. 1895 

15 Sir Archibald Geikie, LL.D., D.Sc, F.R.S., F.R.S.E., P.G.S., Director- 
General of the Geological Survey of the United Kingdom, 10 Chester terrace, 

Regent's Park, London, N.W 1895 

The Right Hon. Lord Kelvin, G.C.V.O., LL.D., D.C.L., F.RS., Professor of 

Natural Philosophy, University of Glasgow. ..*..* 1896 

{Ordinary Memberi I846 till 1896.) 
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CORRESPONDING MEMBERS. 
With Year op Election. 



A. S. Herschel, M.A., D.C.L., F.R.S., F.R.A.S., Hon. Professor of Experimental 
Physics in the Durham C 
House, Slough, Bucks. . 



Physics in the Durham College of Science, Newcastle-on-Tyne ; Observatory 



Ezpei 
; Obs( 



Thomas E. Thorpe, Ph.D., P.R.S., Professor of Chemistry in Boyal College of 
Science, London 

John Aitken, F.R.S., F.KS.E., Ardenlea, Falkirk 

Alex. Buchan, M.A., LL.D., F.E..S.E., Secretary to the Scottish Meteorological 

Society, 122 George street, Edinburgh. 

5 James Dewar, M.A., F.R.S., F.R.S.E., M.R.I., Jacksonian Professor of Physics, 
University of Cambridge, and Professor of Chemistry in the Royal Institution 
of Great Britain, i Scroope terrace, Cambridge 

Stevenson Macadam, Ph.D., F.R.S.E., Lecturer on Chemistry, Surgeons* Hall, 
Edinburgh 

Joseph W. Swan, M.A., F.R.S., Lauriston, Bromley, Kent 

William Milne, M.A., B.Sc, F.R.S.E., Department of Public Education, 
Cradock, Cape Colony 



1874 

1874 
1883 

1883 



1883 

1883 
1883 

1894 



ORDINARY MEMBERS. 

With Year op Entry. 
* Denotes Life Members, 



Adam, Stephen, 199 Bath street. 1896 
♦Adam, Thomas, F.S.I., 27 Union st. 1892 

Adam, William, M.A., 235 Bath st. 1876 

Adams, William, Makerstoun, Bears- 
den. 1 89 1 
5 Addison, W. H., Superintendent, Deaf 

and Dumb Institution. 1895 

•Agar, Thomas F., Argentine Consul- 
General, 7 Royal Bank place. 1896 

Aikman, C. M., M.A., D.Sc, 
F.K.S.E., F.I.C., F.C.S., 128 
Wellington street. 1886 

Alexander, D. M., Marlonville, 
Queen's drive. 1887 

Alexander, G. W., M.A., 129 Bath 
street. 1893 

10 Alston, J. Garfrae, 27 James Watt 

street. 1887 

Anderson, Alexander, i57Trongate. 1869 

Anderson, David Blyth, 18 Park 
circus. 1897 

Anderson, James, 168 George street. 1890 

Anderson, John, 22 Ann street. 1884 

15 Anderson, J. B. Mackenzie, M.B., 

42 Lansdowne crescent. 1895 

Anderson, R. T. R., 80 Seedhill rd., 
Paisley. 1889 

Anderson, Robert, 44 Albert drive, 

Crossbill. 1887 

Anderson, Robert, 76 Bath street. 1896 
* Anderson, T. M*Call, M.D., Professor 
of Clinical Medicine in the Uni- 
versity of Glasgow, 2 Woodside 
terrace. 1S73 

20* Anderson, William, 284 Buchanan 

street. 1890 

Anderson, W. F. G., 47 Union street, 1878 1 



* Annan, J. Craig, 234 Sauchiehall st. 1S8S 
Annandale, Charles, M.A., LL.D., 35 

Queen Mary avenue. 1888 

Arnot, James Craig, 162 St. Vincent 
street. 1869 

25* A mot, J. L., 116 West Campbell 

street. 1890 

Atkinson, J. B., 10 Foremount ter- 
race, Partick. 1889 

Bain, Andrew, 17 Athole gardens. 1890 
Bain, Sir James, F.R.S.E., 3 Park 

terrace. 1866 

Bain, Robert, 132 West Nile street. 1869 
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